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ORGANIC STAINING ON BONE FROM EXPOSURE TO WOOD AND OTHER 
PLANT MATERIALS 
COREY	  R.	  POLLOCK	  
	  
ABSTRACT 
 Determining the depositional environment and the postmortem alterations to a set 
of remains are aspects of forensic investigations that are necessary to explain the 
circumstances surrounding the death of the individual.  Further research on the 
taphonomic agents that can impact skeletal material can aid in the differentiation between 
various postmortem alterations that impact a single set of remains.  The present study 
focuses on organic staining as a method for reconstructing the deposited environment of 
the remains and the taphonomic agents in which they came into contact. 
Organic staining results largely from tannins leaching from plant materials, 
including wood and leaves, and therefore can be seen on bone deposited in wooden coffin 
environments or on terrestrial surfaces.  The present study hypothesized that the degree of 
staining observed on skeletal elements would increase as the length of exposure to the 
organic matter increased and that different plant materials, and environments, would 
leave different patterns or colorations of staining. 
The skeletal elements consisted of 150 commercially available pig (Sus scrofa) 
femora that had the epiphyses removed and were completely defleshed without utilizing 
chemicals or boiling.  The sample was divided into three groups with differing conditions 
and/or types of organic material introduced.  Some were buried in a marshy environment 
within wooden boxes constructed of ten wood types commonly utilized in coffin 
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construction throughout U.S. history: hickory (Carya sp.), walnut (Juglans sp.), cherry 
(Prunus sp.), soft maple (Acer sp.), mahogany (Swietenia sp.), yellow pine (Pinus sp.), 
poplar (Populus sp.), cedar (Cedrus sp.), oak (Quercus sp.), and spruce (Picea sp.).  
Additional femora were deposited in plastic containers lined with the same wood types as 
above and filled with tap water.  Five control bones were deposited in a container with 
tap water and five additional bones were placed in a container with commercial tannic 
acid.  The final group of femora was deposited on the ground surface surrounded by four 
types of dead vegetation: evergreen pine needles (Pinus strobus), northern red oak leaves 
(Quercus rubra), sugar maple leaves (Acer saccharum), and acorns (Quercus rubra) 
collected from the Boston area. 
The bones were removed once a month from their experimental environments and 
left overnight to dry.  The level of staining that manifested on the osseous material was 
recorded qualitatively using the Munsell Soil Color Chart under a consistent indoor 40-
watt daylight light bulb.  The staining was recorded after two months upon initiation of 
the study and every following month until the study’s completion.  After the color 
staining was recorded, the bones were returned to their experimental environments until 
the next interval of data collection.  An additional sample of 15 bones, which were 
previously buried with direct soil contact, was also analyzed.  These bones were either 
buried within the O, A, or C soil horizons for an interval of 1, 2, or 3 years prior to 
analysis.  They were photographed and the staining was classified on one occasion after 
which the bones were permanently withdrawn and not returned to the experimental 
environment.  
  vii 
	  
In all of the experimental environments, staining was present after two months of 
exposure, and the color darkened across the bone surface with each episode of data 
collection.  Both groups exposed to the wood types displayed staining across the entire 
bone surface with a few major colors on the bone shaft, while minor colors were only 
expressed along the margins or as small patches along the shaft.  As the buried boxes 
began to break down, which is commonly observed in coffin burials, soil was able to 
infiltrate the boxes and contact the bones.  This process resulted in multiple shades of 
brown to be present in the staining across bones in multiple wood types.  The bones in the 
plastic containers with wood exhibited a larger variation in color staining likely due to a 
higher concentration of tannins restricted to a smaller area around the bones combined 
with a lack of water inflow.  The staining ranged from red for bones with mahogany to 
brown for bones with cedar to even dark gray or black on bones with walnut and tannic 
acid, respectively.  The bones in plant matter differed in that the organic staining was 
sporadic, often with large areas of very pale brown or yellowish brown coloration and 
with smaller patches of shades of darker brown.  The staining present on the buried soil 
bones was intermediate to the other samples, in that it was diffuse across the shaft with a 
large range of colorations present. 
The results from the present study indicate that staining can manifest on bone 
within a relatively short time frame once skeletonization occurs and a variety of 
colorations or patterns of staining can manifest based on the plant material.  The present 
research demonstrates the potential of organic staining to aid in estimations of the 
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postmortem interval as well as an environmental reconstruction through species 
identification. 
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CHAPTER 1:  INTRODUCTION 
 
Analysis of color staining, as well as other taphonomic processes, is essential to 
reconstruct possible environments in which a set of remains were deposited.  In both 
forensic and archaeological contexts, determination of the length of deposition time, 
original environment of deposition, and the environmental factors that have affected the 
remains are main goals of an analysis (Beary and Lyman 2012; Haglund and Sorg 1997a, 
1997b; Komar 1999; Nawrocki 2009; Ubelaker 1997).  These goals are essential in 
determining the identity of the deceased individual and reconstructing the circumstances 
that occurred during or after death.  Unfortunately, upon deposition, various 
environmental agents and taphonomic processes can affect the remains, hindering the 
recovery of the bones or evidence associated with them.  Understanding the various 
taphonomic agents and the effects that they can have on the bones is essential, which is 
aided by applied taphonomic research (Beary 2005; Calce and Rogers 2007; Galloway 
1997; Huculak and Rogers 2009; Jaggers and Rogers 2009; Junod 2013; Komar 1999; 
Pokines 2015; Pokines and Higgs 2015; Pokines et al. 2016; Sauerwein 2011; Schafer 
2001; Schultz et al. 2003; Shipman et al. 1984). 
Taphonomy is the study of the processes that occur to organic remains during the 
interval between death and recovery (Beary and Lyman 2012; Byers 2011; Calce and 
Rogers 2007; Dupras et al. 2012; Efremov 1940; Pokines 2014; White et al. 2012).  
These processes can either be due to human or natural interaction with the bones and can 
result in destruction or differential preservation of the remains (Calce and Rogers 2007; 
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Haglund and Sorg 1997b; Nawrocki 1995, 2009).  Human influence can be seen by 
cutmarks on the bones as a result of dismemberment of the remains to ease disposal, or 
remains in an archaeological context can be damaged as a result of human interaction 
from excavation equipment (Byers 2011; Nawrocki 1995).  Nonhuman animal influence 
on remains can include the consumption of the soft tissues and/or the gnaw marks 
directly upon the bone.  Trampling of the bones can result in fracturing or damage to the 
remains (Byers 2011; Ubelaker 1997).  In an archaeological context, historic cemetery 
burials may be disturbed by burrowing animals, which may result in the dispersal or 
fracturing of remains (Nawrocki 1995).  Other natural taphonomic agents, such as tree 
roots or subaerial weathering, can increase the destruction or dispersal of the remains 
(Nawrocki 1995; Ubelaker 1997).  Each taphonomic agent that causes changes to the 
remains can hinder an investigation by disguising evidence necessary to resolve the case; 
however, the agents also can aid the investigation by supplying evidence about the 
environment of deposition (Calce and Rogers 2007; Haglund and Sorg 1997b; Nawrocki 
2009; Pokines 2014).  
 Organic and inorganic staining as a result of contact with natural or artificial 
materials is one source of postmortem alteration that can manifest on bone surfaces.  The 
coloration of fresh, defleshed bone is naturally a yellowish-white to beige color, which 
can then transform into various shades of all colors based on contact with sunlight, soil, 
water, plant matter, fire, or metallic materials (Beary 2005; Buikstra and Ubelaker 1994; 
Byers 2011; Correia 1997; Cronyn 1990; Dupras et al. 2012; Dupras and Schultz 2014; 
Evans 2014; Nawrocki 2009; Pokines and Baker 2014; Symes et al. 2008).  This color 
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staining is often measured qualitatively utilizing the Munsell Soil Color Chart (1994); 
however, studies have also utilized color scanners or other color measurement devices to 
quantitatively measure color (Beary 2005; Sauerwein 2011; Schafer 2001).  These 
methods often remove the subjectivity with qualitative color scoring but may require 
expensive equipment and training on proper use of them.   
 In order for color staining to manifest on the surface of osseous material, it must 
be in a state of partial or complete skeletonization to provide a porous and more 
permanent substrate for the staining to be displayed.  This exposure requires the 
decomposition of soft tissues, which varies in timing based on environmental factors such 
as carnivore or insect activity, temperature, and flora, among many others (Galloway 
1997; Gill-King 1997; Rodriguez 1997).   
Staining that often occurs earlier in the taphonomic process may occur naturally 
from the decomposition of soft tissues or the rupturing of red blood cells, i.e., hemolysis 
(Dupras and Schultz 2014).  Other kinds of staining can occur from contact or exposure 
to various environmental elements.  Skeletal elements exposed to marine environments 
may display saltwater bleaching on the bone surface, while those exposed to sunlight can 
become bleached and weathered from exposure to ultraviolet exposure (Beary 2005; 
Buikstra and Ubelaker 1994; Nawrocki 2009; Pokines 2015, 2016; Pokines and Higgs 
2015).  Bones buried in soil environments often display soil staining, with the color 
varying depending on the soil matrix.  Those buried deeper are often lighter in color 
when compared to those in the upper levels of the soil profile or even the ground surface 
due to limited decaying organic matter with increasing depth (Schultz et al. 2003).   
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If skeletal elements are exposed to plant matter on the ground surface, living 
plants can begin to grow on the porous material, or decomposing plant matter can leave 
staining on the bone surface (Courty et al. 1989; Dupras and Schultz 2014; Dupras et al. 
2012; Nawrocki 2009; Schultz 1997; Schultz et al. 2003).  Bones deposited in moist 
environments have an increased likelihood of algal or moss growth, which can leave 
greenish staining from pigments found in plants (Dupras and Schultz 2014; Dupras et al. 
2012; Evans 2014; Nawrocki 2009; Nawrocki et al. 1997).  Plant matter also can leave 
etchings or grooves on the bone surface due to the production of humic acid as a plant 
decays and contacts the bone (Behrensmeyer 1978; Buikstra and Ubelaker 1994; Byers 
2011; Courty et al. 1989; Dupras and Schultz 2014; Dupras et al. 2012; Hall 1997; 
Nawrocki 2009; Pokines 2016; Schultz 1997; Schultz et al. 2003; Ubelaker 1997; White 
et al. 2012).   
The wood material of a plant is another source of staining that can manifest on a 
bone surface from extended periods of contact.  This staining is displayed on remains 
within wooden coffin burials from the organic tannins (secondary plant metabolites) 
within the wood leaching into the groundwater that has pooled at the bottom of the coffin 
(Pokines and Baker 2014; Schultz et al. 2003).  Other elements associated with the 
wooden burial container, such as coffin hardware or grave goods, may leave traces of 
inorganic staining upon archaeological osseous remains if contact occurs (Stottman and 
Pollack 2005).  In both archaeological and forensic contexts, inorganic staining can result 
from contact with metallic objects, such as jewelry, that can stain the bone various 
colorations depending on the material used to manufacture the object. 
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Osseous remains can also be exposed to non-environmental processes, such as 
contact with fire, which can leave staining or alterations on the bone surface.  A set of 
remains exposed to fire can display color alterations that change throughout the burning 
process (Buikstra and Ubelaker 1994; Byers 2011; Correia 1997; Schultz 1997; Symes et 
al. 2008).  
 Analysis of the color staining allows a possible reconstruction of the depositional 
environment and helps identify the material that contacted the bone.  Green algal staining 
suggests that the remains were placed in a moist or shaded environment, while bleaching 
or pale colorations suggest long-term sun exposure (Dupras and Schultz 2014; Nawrocki 
2009; Nawrocki et al. 1997; Norris and Owsley 2014; Owsley et al. 2014; Pokines 2016; 
Pokines and Higgs 2015; Ubelaker 1997).  A combination of staining agents can affect a 
single set of remains, which allows an environmental reconstruction as well as the 
reconstruction of their position within the environment.  In circumstances where remains 
are deposited on the ground surface, bones may display darker staining on the underside 
from contact with the soil or decomposing organic materials underneath, while displaying 
lighter colorations on the top from exposure to sunlight (Nawrocki et al. 1997; Norris and 
Owsley 2014; Owsley et al. 2014; Pokines 2016; Pokines and Higgs 2015).  Even if the 
color staining from plant growth cannot allow the identification of a particular 
environment of deposition, certain environments may be excluded from an investigation.  
Plant growth and staining may help determine a wet or dry environment of deposition or 
if the plant material was from a site different than where the remains were recovered 
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(Hall 1997, 2012).  Therefore, understanding the possible taphonomic agents and how 
they can affect the bone surface are essential in both forensic and archaeological contexts.  
The present study examines staining as a result of contact with various other 
organic materials that have been the focus of limited forensic research previously.  
Knowledge of staining patterns and colorations after contact with particular plant 
materials or various wood types can potentially improve the reconstruction of 
depositional environments for remains deposited on terrestrial surfaces or buried within 
wooden coffins.  The present research may also aid in determining the forensic 
significance of a set of remains, in which analyzing organic staining may allow the 
distinction of cemetery remains from those that are more recent and would be relevant to 
greater forensic investigation (Pokines et al. 2016; Schultz et al. 2003). 
This area of research also has archaeological implications by aiding in the 
answering of questions regarding the socio-economic status of an individual or the family 
and about the economic behaviors of a community.  By determining the coffin wood 
utilized based on the bone staining, during times when wood analysis cannot be 
conducted, the socioeconomic class of an individual or family may be estimated based on 
the use of expensive or inexpensive wood to construct the burial container (Favret 2008; 
Habenstein and Lamers 2001).  More expensive wood types often utilized in the 
construction of burial containers are hardwoods, such as mahogany, oak, or walnut, while 
less expensive wood types are softwoods, such as cedar, pine, or spruce (Crissman 1994; 
Habenstein and Lamers 2001; Pye 2010).  The import or export activities of coffin wood 
materials can also be analyzed based on the presence of local wood versus wood 
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imported into the area to construct the burial containers.  The use of local wood to 
construct the burial containers was often less expensive than specialty wood that was 
imported from other countries or locations (Habenstein and Lamers 2001; Taylor et al. 
1986).   
The purpose of the present study was to investigate the rate and pattern of staining 
on osseous remains from contact with various organic materials: leaves, acorns, and 
multiple wood types.  In order to research this staining, pig (Sus scrofa) femora were 
buried or deposited on the ground surface at the Boston University, Forensic 
Anthropology Program Outdoor Research Facility (ORF) located in Holliston, 
Massachusetts or placed in a laboratory located in the Boston University School of 
Medicine (BUSM).  The sample at the ORF was buried in wooden boxes or surrounded 
by plant material on the ground surface, while the sample at the BUSM laboratory was 
surrounded by pieces of wood while in plastic containers.  The Munsell Soil Color Chart 
(1994) was used to classify the colorations present within the organic staining, and color 
data were gathered once a month from January 2016 to January 2017.  The buried sample 
at the ORF was then compared to bones previously buried in soil environments at the 
ORF to assess the differences between staining from exposure to wood, other plant matter 
types, and soil.   
For the present study, the author hypothesized that the degree of staining observed 
on skeletal elements would increase as the length of exposure to the organic matter 
increased and that different plant materials would leave different degrees or colorations 
of staining.  A completely skeletonized sample was utilized to prevent the influence of 
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high amounts of decomposition or hemolytic staining and to quicken the first appearance 
of organic staining. 
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CHAPTER 2:  PREVIOUS RESEARCH 	  
It was not until 1940 that Efremov coined the term “taphonomy” in an effort to 
unite the field of paleontology with geology and biology (Efremov 1940).  He defined 
taphonomy as the “science of the laws of embedding” and utilized this term to study the 
distribution or proportion of animal remains or species at a site and the process of 
fossilization.  Paleontologists and geologists utilized the concept of taphonomy while 
observing fossil formation and uniformitarianism in an effort to interpret postmortem 
processes within the archaeological record (Pokines 2014; Sorg et al. 2012).  In a forensic 
context, taphonomic processes are studied to understand the postmortem processes that 
affected a more contemporary set of remains.  These can be mortuary practices of a group 
of people as well as environmental factors, such as animal scavenging or trampling, plant 
root disturbance, or dispersal by moving sources of water (Nawrocki 1995, 2009).  The 
study of taphonomic alterations and these postmortem processes can facilitate a 
reconstruction of the death events, a reconstruction of the depositional environment, and 
an estimation of the PMI of a set of remains (Beary and Lyman 2012; Haglund and Sorg 
1997a, 1997b; Ubelaker 1997). 
 
Taphonomic Factors Causing Staining 
Staining due to contact with organic matter often occurs as a result of tannins 
leaching out of plant materials and contacting the bone surfaces (Pokines and Baker 
2014; Pokines et al. 2016; Schultz et al. 2003).  Tannins are a secondary metabolite made 
by plants that aid in the precipitation of proteins from a solution (Barbehenn and 
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Constabel 2011; Crozier et al. 2006; Mole 1993; Tanner 2004).  Hydrolysable tannins 
and condensed tannins are the two main classes, which both increase the astringency of 
the plant, causing it to become inedible to most herbivores or omnivores (Barbehenn and 
Constabel 2011; Crozier et al. 2006; Tanner 2004).  Humans often utilize tannins as a 
way to precipitate the collagen proteins in animal hides and turn them into leather 
(Crozier et al. 2006; Davies 2004; Versari et al. 2012) or in wine production to provide 
an astringent quality as well as to act as copigments to darken the color of wine (Davies 
2004; Versari et al. 2012).   
Tannins are found in various portions of a plant, such as in the wood, roots, and 
leaves, but the amount of tannins within the plant varies based on the species (Barbehenn 
and Constabel 2011; Davies 2004).  All wood types are known to contain tannins, but 
woods lighter in color tend to contain a lower number of tannins than darker wood types 
(Barbehenn and Constabel 2011; Pokines and Baker 2014; Pokines et al. 2016).  Species 
in both temperate and tropical environments tend to produce tannins, while grasses are 
typically devoid of tannin production.  Fluctuations of environmental conditions in which 
a plant is exposed may also affect the rate of tannin production, with insect damage or 
other wounding of the plant tissue in some species causing an increase in tannin 
production within the unaffected leaves.  Other plant species may increase the rate of 
tannin production with higher degrees of UV exposure or have higher levels of tannins 
when the soil nutrients are low in nitrogen levels (Barbehenn and Constabel 2011).  
Contact between tannins and a bone’s surface is a primary reason for the color change in 
skeletal elements from a normal beige bone color (Dupras and Schultz 2014; Schafer 
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2001) to the brown-stained appearance from coffin wood or the green to tannish color 
staining from plant matter (Dupras and Schultz 2014; Pokines et al. 2016; Rodriguez 
1997; Schultz et al. 2003). 
 
Surface Deposition 
 Staining on exposed bone can be the result of contact with organic material 
located on or within the topsoil.  Schultz et al. (2003) suggest that remains deposited on 
the ground surface are typically darker in color, when compared to remains buried deeper 
in the subsoil, due to contact with a higher concentration of dark, decomposing organic 
material, or humus.  As the organic material begins to decompose, humic acid leaches out 
and can leave etchings or shallow grooves, when in direct contact with the bone surface, 
due to acid decalcification of the bone (Behrensmeyer 1978; Buikstra and Ubelaker 1994; 
Byers 2011; Courty et al. 1989; Dupras and Schultz 2014; Dupras et al. 2012; Hall 1997; 
Nawrocki 2009; Schultz 1997; Schultz et al. 2003; White et al. 2012).  Living organic 
material, such as moss or algae, that contacts the bone can also stain the bone surface 
from contact with the plant pigments (Buikstra and Ubelaker 1994; Dupras and Schultz 
2014; Dupras et al. 2012; Evans 2014; Nawrocki 2009; Nawrocki et al. 1997; Pokines 
2016).   
 
Burial 
The process of taphonomic staining that occurs in archaeological contexts begins 
when the human remains start to decompose, leaving partially or fully skeletonized 
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elements, along with the breakdown of the wooden burial container (Pokines and Baker 
2014; Pokines et al. 2016).  This allows ground water to leak into the burial container and 
create pools of water on the coffin floor, in which the tannins have leached from the 
wooden container (Pokines and Baker 2014; Pokines et al. 2016).  Remains deposited 
within an aqueous environment have an increased potential for contact with plant tannins, 
which can result in an increased rate of color staining.  Staining on buried bone lacking a 
burial container is often the result of contact with mineral located in the soil (Schultz et 
al. 2003).  Those buried deeper in the soil are often lighter in color due to the presence of 
more minerals rather than decomposing organic matter (Schultz et al. 2003).  Different 
color staining allows investigators to determine the environment in which the bones were 
exposed upon deposition as well as the organic materials with which the bones came into 
long-term contact. 
 
Applications  
The ability to conduct research on various taphonomic agents that typically affect 
human remains has increased through the use of either cadavers or nonhuman animal 
analogs.  The topic of postmortem staining as a result of contact with various 
environmental or artificial products has undergone limited research, with the areas of 
plant, soil, or sun-bleaching being the most common.  This postmortem staining is often 
studied utilizing qualitative methods (Calce and Rogers 2007; Huculak and Rogers 2009; 
Jaggers and Rogers 2009; Norris and Owsley 2014; Owsley et al. 2014; Shipman et al. 
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1984; Weitzel and McKenzie 2008) with very few studies using quantitative methods 
(Sauerwein 2011; Schafer 2001). 
 
Decomposition/Hemolysis Staining 
 Fresh bone devoid of flesh displays a yellowish-white or a yellowish-brown color, 
which can begin to change upon decomposition (Dupras and Schultz 2014).  
Decomposition is a process in which the tissues of the body begin to break down as a 
result of a cell’s inability to repair itself once oxygen is no longer provided to the tissues 
(Gill 1997).  Upon decomposition of the soft tissues, the decomposition fluid can contact 
the bones and cause staining to manifest on the bone surface.  Dupras and Schultz (2014) 
note that reddish brown or reddish gray stains can manifest on bone as a result of 
decomposition of soft tissues.  Hemolysis is another process that can occur and involves 
the rupturing of red blood cells, which can release hemoglobin.  This process can result in 
blood surface staining to manifest on the bone from contact with the hemoglobin.   
Schafer (2001) used a quantitative method to observe the differences in skull 
color between diabetic versus non-diabetic individuals, younger versus older individuals, 
and endocranial versus ectocranial bone surfaces.  He utilized a Micro Color 
measurement system, in which light is split into three beams and allow the measurement 
of three color values, including L* (black–white), a* (green-red), and b* (blue-yellow), 
on skulls obtained through forensic autopsies.  While he found little color difference 
between the diabetic and non-diabetic groups as well as the endocranial and ectocranial 
surfaces, there was a positive correlation between age and yellow coloration.  
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Additionally, he noted a red and yellow coloration prior to rinsing of the skulls due to 
blood staining, which resulted in a more neutral or slightly yellow bone coloration once 
cleaned.  Schafer (2001) demonstrates the necessity for thorough cleaning of bone prior 
to color analysis as well as the increase of yellow colorations, from the original 
yellowish-white color, as age increases. 
 
Soil Staining 
Huculak and Rogers (2009) deposited pig humeri in two scenarios, buried for four 
weeks and then exposed on the ground surface for four weeks and vice versa, in an effort 
to allow reconstruction of the events occurring prior to bone deposition.  They 
qualitatively classified the color staining using the Munsell Soil Color Chart, and upon 
cross-sectioning the bones, the authors found color change that was different between the 
two scenarios.  Bones from scenario one, buried then exposed, displayed dark colorations 
of olive brown closer to the medullary cavity and light colorations of pale yellow toward 
the outer bone surface, while bones from scenario two displayed the opposite staining 
pattern.  This research supports the potential for cross-sectional analysis of color to show 
whether remains were deposited on the ground surface prior to burial (Huculak and 
Rogers 2009).   
Jaggers and Rogers (2009) utilized pig limb bones to observe macroscopic 
changes after being buried for 60 or 150 days and attempted to use the changes to 
estimate PMI.  The authors observed differences in color staining, soft tissue amounts, 
and bone masses between those exposed for various time intervals and two different soil 
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types.  They noted no pattern of color staining within neither the 60-day nor the 150-day 
groups, and there was no difference in the degree of staining between groups regardless 
of soil environment.  Also, the bones buried in a high moisture environment lost 
considerably more mass than those buried in a low moisture environment (Jaggers and 
Rogers 2009).  Based on these results, the authors concluded that during times when 
temperatures are just above freezing, at least an additional five months after 
skeletonization is needed before macroscopic changes will occur to bone.   
Sauerwein (2011) examined defleshed and fleshed pig bones that were either 
buried in two different soil environments or exposed on the ground surface in an effort to 
determine PMI from color staining.  She used a Miniscan XE Plus color scanner to 
quantitatively record the color staining and found no color differences between the two 
soil environments; however, the fleshed bones displayed darker, redder, and yellower 
colorations than the defleshed bones.  Although she found differences between fleshed 
and defleshed remains, there were no significant differences in color staining between 
each week of deposition of the defleshed bones (Sauerwein 2011).  Based on these 
results, she concluded that color analysis was not a useful method in estimating PMI 
beyond the time of initial bone staining; however, she found the fleshed limbs of her 
sample to display darker coloration, likely due to the decomposition of soft tissues, while 
the defleshed limbs were impacted more by environmental conditions.   
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Plant/Wood Staining  
 Sauerwein (2011) conducted another study simultaneously with the soil-stained 
sample in which pig limbs were deposited in various plant matter, as well as soil and 
sand, to observe the differences in color staining after four months of exposure.  She 
found the peat moss and grass to cause similar staining colorations of dark, slightly red, 
with areas of yellow on bone, while the sand caused a light, gray, and yellow staining 
(Sauerwein 2011).  Plant staining was also present on pig humeri utilized in the study by 
Huculak and Rogers (2009), which was classified as greenish gray and olive colorations.   
 Nawrocki et al. (1997) examined forensic cases of multiple sets of human remains 
recovered in Indiana, which displayed both staining from sun bleaching as well as contact 
with plant materials.  These cases occurred between October 1991 to January 1995 and 
all exhibited mild to moderate sun bleaching from exposure on land as well as a dull 
green, dark brown, or black algal staining.   
 Cardoso et al. (2010) presented a case study in which a skeletonized set of 
remains was recovered in a wooded environment, disturbed by various plant species, and 
displayed staining from contact with soil and sun exposure.  The remains displayed 
growth of algae and moss on the bone surfaces, which begin to infiltrate the remains once 
soft tissue had completed decomposition (Cardoso et al. 2010).  The authors suggested 
that botanical evidence found on the remains can aid in the estimation of PMI through the 
calculation of the growth period of the particular plant.  A PMI of three years was 
estimated for the remains plus the time necessary for complete skeletonization to occur, 
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which allows a more reliable time interval for the exclusion or inclusion of possible 
missing persons (Cardoso et al. 2010).   
 Pokines et al. (2016) conducted a taphonomic analysis on a set of forty-nine 
cemetery remains submitted to the Office of the Chief Medical Examiner (OCME), 
Boston.  The authors observed mold growth on one set of remains and plant root 
infiltration or etching on the external bone surfaces in twenty cases.  They also noted 
uniform coffin wood staining in thirty-eight cases in which the colorations were medium 
brown, reddish-brown, dark brown, or chocolate brown (Pokines et al. 2016). 
  
Multi-Taphonomic Alteration Research 
Junod (2013) attempted to establish PMI estimates based on variations in bone 
weathering states or staining patterns.   Part of the study consisted of moose (Alces alces) 
carcasses deposited in a forest environment in New Hampshire, while a sample of white-
tailed deer (Odocoileus virginianus) long bones were deposited in grassland, wetland, 
and forested environments in Massachusetts.  On the moose remains, plant growth was 
common on the margins and epiphyses, while brown soil staining was found on the 
underside of the bone in patches, with both increasing as the study progressed.  On the 
deer remains, algae growth occurred on those in the wetland and grassland environments, 
while soil staining was common in all the environments (Junod 2013).  Additional 
reddish gray or white decomposition staining was only seen on the remains in the 
grassland and wetland environments, while sun bleaching was observed in all three 
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environments.  Based on the results, she concluded that the PMI and the depositional 
environment could be estimated by analyzing algae growth and color staining. 
Pokines and Higgs (2015) examined twenty-five sets of remains turned into the 
OCME in Boston from various marine environments and noted taphonomic 
characteristics present.  The authors observed mineral staining displayed as red 
colorations on six cases as a result of iron oxides and dark colorations in three cases from 
iron sulphides.  Bleaching was noted on twenty-two cases, and green or brown organic 
staining from algae and seaweed contact was noted in nine cases (Pokines and Higgs 
2015).   
Pokines (2015) examined taphonomic alterations, including gnawing, weathering, 
algae formation, and staining, to 355 cases of nonhuman remains sent to the OCME in 
Boston, Massachusetts.  The remains were recovered from various environments, 
including terrestrial surface, buried, marine, fresh water, or unknown, with the majority 
of cases from terrestrial and buried environments.  He noted rodent/carnivore gnawing, 
soil staining, and plant root infiltration, among other taphonomic alterations.  Bleaching 
was also seen from contact with saltwater and ultraviolet exposure of the remains, 
resulting in a lighter bone color (Pokines 2015).   
Pokines (2016) conducted a taphonomic analysis on twenty-two cases of human 
remains that were compared to a sample of twenty-six cases of white tailed deer remains.  
These samples were turned into the OCME in Boston, Massachusetts by law enforcement 
or recovered by the author during the cases.  He noted twenty human cases expressing 
localized patches of medium brown staining that was often found in conjunction with 
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adhering sediments or humus, which was present in seventeen human cases.  The other 
bone surfaces often expressed the typical unaltered beige color.  Other localized staining 
was expressed as a reddish or brown coloration and was the result of the decomposition 
of soft tissues.  Adherence or infiltration of plant roots was noted in eight human cases, 
which can result in etchings or patterns of fine staining.  Ten human cases displayed bone 
bleaching from exposure to ultraviolet sunlight, but typical weathering cracking and bone 
deformation was not yet noted.  Lastly, diffuse green algal staining was noted on seven 
human cases, while one human case displayed moss growth (Pokines 2016). 
Calce and Rogers (2007) conducted a study to determine the extent to which 
taphonomic agents can disguise areas of blunt force trauma by inflicting such trauma to 
ten pig heads.  The authors observed influences from taphonomic agents including 
freeze-thaw cycles, rodent/carnivore activity, soil erosion, and bleaching or plant 
staining.  Through visual assessment, they noticed that the bright green and white 
staining from plant contact or sun exposure allowed easier observation of the inflicted 
trauma due to the higher contrast.  Although staining may allow easier observation of 
trauma, the majority of the taphonomic variables decreased the chance of identifying the 
characteristics or patterns of trauma, which suggests a need for a more cautious 
examination of taphonomic bone alterations to detect possible evidence of disguised 
trauma (Calce and Rogers 2007). 
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Case Examples 
 An archaeological example of the study of organic staining is that performed on 
the remains of Kennewick man, in which the staining allowed for an environmental and 
anatomical reconstruction of the skeletal elements (Norris and Owsley 2014; Owsley et 
al. 2014).  Owsley et al. (2014) used the Munsell Soil Color Chart to analyze color 
staining and conducted a taphonomic analysis of the remains of Kennewick Man in an 
effort to estimate the anatomical positioning of the remains or the time between initial 
exposure and discovery of the remains.  They noted base colorations ranging from pale or 
light brown to dark brown as well as light gray staining from carbonate-cemented 
sediments, green staining from algae growth, and light staining from sun bleaching.  The 
light gray soil staining located on the posterior aspect of the skeleton suggests that the 
remains were lying with the dorsal side toward the ground.  The lighter colorations were 
due to the corrosion from particulates in the water scratching the bone surface, which 
suggested that the left side of the skeleton was positioned toward the river (Owsley et al. 
2014).  The greenish algal staining on various elements suggested partial exposure to 
sunlight, and the amount of surface coverage of algae suggested a colonization time of 
one to four weeks prior to recovery of the remains (Norris and Owsley 2014).  Analysis 
of the color staining from contact with various environmental agents allowed the authors 
to reconstruct anatomical positioning of the remains and challenge the conclusions from 
previous analysts. 
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Fire Modification 
 Whether the original cause of the fire was natural or artificial, the modification to 
the remains is displayed, in part, as color change throughout the heat alteration process.  
The color of the osseous material varies based on the temperature of and the time 
exposed to the flames (Correia 1997).  The remains can transition from a natural bone 
color to a black color when the bone is carbonized, which is followed by a white or ash-
gray color when the bone has lost all organic material and moisture (Correia 1997; Symes 
et al. 2008).  The presence of additional inorganic materials in the environment, such as 
copper, iron, or bronze, can result in green, yellow, pink, or red colorations to be 
displayed on the remains (Correia 1997).   
A study was conducted in which goat and sheep mandibles and astragali were 
heated to varying temperatures to observe color changes in an attempt to reconstruct past 
events involving heat alteration (Shipman et al. 1984).  The authors utilized the Munsell 
Soil Color Chart to record the colors expressed from five stages differing in temperature.  
Early stages displayed colorations of neutral white or yellow, while middle stages 
displayed reddish yellow, neutral dark grey, or neutral black, and final stages displayed 
colorations of neutral white, medium gray, or reddish yellow (Shipman et al. 1984).  The 
authors concluded that use of color analysis alone is not sufficient to determine the 
temperature used to alter the bones, but a temperature range may be estimated. 
 Weitzel and McKenzie (2008) observed heat alteration in graves from an early 
Bronze Age cemetery in an effort to better understand mortuary behavior.  The authors 
utilized the Munsell Soil Color Chart to record the bone colors displayed and found that 
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the majority of burials displayed charring through a black coloration, while six burials 
displayed a black coloration with gray or white spots.  The authors concluded that the 
colorations expressed were the result of exposure to low temperatures and suggested the 
burning to be a symbolic mortuary behavior rather than a way to dispose of the remains 
(Weitzel and McKenzie 2008).   
 
Inorganic Material Staining 
 Postmortem staining can be seen in both forensic and archaeological contexts as a 
result of contact with jewelry or dental fillings as well as grave artifacts or coffin 
hardware (Buikstra and Ubelaker 1994; Cronyn 1990; Dupras and Schultz 2014; 
Nawrocki 1995; Norris and Owsley 2014; Schultz et al. 2003; Stottman and Pollack 
2005; Strezewski 2003; Thomas et al. 1977).  Ubelaker (1997) noted black staining on 
dentition during a forensic exhumation as a result of the deterioration of the fillings and 
black staining on bones from the decomposition of soft tissue. 
Iron and copper metals or alloys commonly stain bone in both forensic and 
archaeological contexts.  Corrosion of iron can produce corrosive products of various 
colorations based on environmental conditions (Cronyn 1990; Dupras and Schultz 2014).  
Iron can display red/brown colorations when recovered from damp, aerated 
environments, while black colorations may form in damp, oxygen-free environments due 
to iron sulphide production.  Iron phosphate or vivianite can form bright blue or blue-
black colorations, while a mixture of iron (II) and iron (III) hydrated oxides can form rust 
displayed as a green coloration (Cronyn 1990; Dupras and Schultz 2014).  Oxidation of 
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coffin nails can result in orange staining or the production of rust (Schultz et al. 2003).  
Staining from copper and copper alloys is most commonly expressed as a green 
coloration (Buikstra and Ubelaker 1994; Cronyn 1990; Dupras and Schultz 2014; Schultz 
et al. 2003).  Other colorations can include black from copper sulphides or copper (II) 
oxides and red/brown from copper (I) oxides (Cronyn 1990).  Extended periods of 
contact between osseous material and these corroding metals can result in this various 
colored staining to be expressed on the exposed bone surfaces.    
Green staining was seen on a set of remains at the Michigan City Old Graveyard 
as a result of brass hooks and eyes from clothing, and copper staining was seen on the 
sternum of a separate set of remains from a brass pin (Strezewski 2003).  At the 
Cunningham Mound Burials in Georgia, white staining was found on an ilium as a result 
of contact with a lead shot and a green discoloration on the frontal bone of the same set of 
remains potentially from contact with copper (Thomas et al. 1977).  Metal oxidation 
stains from rust and coffin hardware were seen on skeletal remains within the Frankfort 
Cemetery in Kentucky as well as a separate set of remains displaying a gray to blackish 
staining from being buried in charcoal (Stottman and Pollack 2005).   
 In conclusion, fresh osseous material may start with a yellowish white or beige 
coloration and change postmortem as a result of contact with various environmental 
agents.  Contact with decomposition fluid or blood as the soft tissue begins to decay can 
cause a reddish brown or reddish gray staining to manifest on the bone surface.  Soil 
staining varies in color based on the composition of the soil matrix but can be displayed 
as brown, gray, or red colorations on bone.  Exposure to sunlight can cause the bone to 
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exhibit a pale yellow or a lighter white color from the UV radiation.  Organic staining 
from plant material can be displayed as a green, olive, brown, or black coloration 
depending on the plant species.  Finally, osseous material can display colors ranging from 
white, black, and ash gray based on the duration of contact with fire or a variety of 
colorations depending on the material used to construct inorganic, artificial materials.  If 
the depositional context of a set of remains is unknown, staining may aid an 
investigator’s understanding of potential environments or anatomical reconstructions in 
which remains were deposited.  
 
Coffin Wood 
As previously stated, one plant component in which tannins are concentrated is 
the wood, which has commonly been utilized within the U.S. in coffin construction since 
at least the 17th century (Habenstein and Lamers 2001).  Early European settlers rarely 
used coffins to bury the deceased, and it was not until the colonies grew in size and 
wealth that simple coffins began to be utilized (Crissman 1994; Habenstein and Lamers 
2001).  Early coffins started out as a six-sided container constructed by relatives or 
neighbors that were made to line the body by tapering toward the feet (Crissman 1994; 
Farrell 1980; Pye 2010).  It was during the mid-to late-1800s when the perceptions of 
coffins changed from solely holding the deceased and toward presenting the dead in a 
more aesthetic way (Bell 1991).  This movement resulted in the casket, a rectangular 
container, becoming more popular and the use of more decorative containers increased 
(Bell 1991; Farrell 1980).  The transformation to focus on the presentation of the dead 
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also involved protecting the containers against environmental factors.  By the middle to 
late 1800s, metal caskets became popular that would better prevent against grave robbing 
as well as destruction of the remains from soil or animals (Farrell 1980; Stottman and 
Pollack 2005).   
The choice of decorative containers and coffin hardware was also a way for 
upper-class individuals to distinguish themselves from lower income individuals as well 
as a way for coffin companies to promote sales (Bell 1991; Farrell 1980; Habenstein and 
Lamers 2001).  Although some lower class individuals joined societies that contributed to 
funeral costs, these individuals were typically buried in simple wooden boxes within 
single plots located in less desirable areas (Bell 1991).  The wealth of the family or the 
individual also often affected the choice of the wood utilized in the construction of the 
burial container.  Hardwoods and wood types imported to construct coffins were 
commonly of a greater expense than softwoods or those found locally (Habenstein and 
Lamers 2001).  Coffins were most commonly built locally and the choice of wood type 
for the burial container was made by the family, which was highly variable.  Early coffins 
utilized prior to and during the early 19th century were typically constructed of pine 
(Pinus sp.), poplar (Populus sp.), cedar (Cedrus sp.), chestnut (Castanea sp.), oak 
(Quercus sp.), and mahogany (Swietenia sp.) (Habenstein and Lamers 2001; Pye 2007).  
Even when the coffin styles shifted in the 19th century to an increased use of metal 
containers to better protect the remains, wooden shipping crates were often utilized to 
protect the decorated metal coffin and were typically buried with it as a way to dispose of 
the cheap wood material (Habenstain and Lamers 2001; Pye 2007).   
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Continuing after the U.S. Civil War and until 1915 in portions of the rural South, 
cedar, cherry (Prunus sp.), spruce (Picea sp.), pine, walnut (Juglans sp.), and oak were 
popular wood sources for coffins (Taylor et al. 1986).  Beginning during World War I, 
softwoods such as redwood (Sequoia sempervirens) and cypress (Taxodium distichum), 
as well as hardwoods such as red gum (Liquidambar styraciflua), yellow poplar 
(Liriodendron tulipifera), and chestnut (Castanea dentate) were common in coffin 
construction, while pine and cedar continued to be utilized (Pye 2007). 
In an archaeological context, excavations of various cemeteries throughout the 
United States have provided evidence of specific wood species used to construct coffins 
based on remnants of wood within the burial plots.  The Weir Family cemetery in 
Virginia, for example, had remnants of yellow pine (Pinus pinus) in seven of the twenty-
four burials, white pine (Pinus strobus) in five burials, and black walnut (Juglans nigra) 
in one of the burials of their family plot (Little et al. 1992).  This cemetery, utilized from 
the 1830s to 1907, also contained burials with single coffins constructed of multiple 
species of wood as well as a burial with a wooden outer box of a different species than 
the coffin itself (Little et al. 1992).  The use of Pinus strobus in coffin construction was 
also seen in at least six of the twenty-two features excavated from the Meadowlark 
Cemetery in Kansas (Pye 2007).  Another wood species found at the Meadowlark 
Cemetery was poplar (Liriodendron sp.); however, many of the coffins suffered from 
poor wood preservation, and wood remnants attached to recovered nails provided the 
only evidence of wooden coffins being utilized (Pye 2007).  Pine, juniper (Juniperus sp.), 
or a combination of the two were seen in every coffin within the Tucson City Cemetery, 
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when the wood species could be determined, and these were obtained from local wood 
sources in Arizona (Pye 2010).  The Morgan Chapel Cemetery in San Antonio, Texas 
consisted of 21 burials, which were all made of pine, cherry, or an unidentified hardwood 
(Taylor et al. 1986). 
Eight of the nine burials excavated at the Son Cemetery in South Carolina were 
constructed of pine, while one casket was constructed of poplar (Trinkley et al. 2011).  
Evidence of an outer wooden box was found in at least three burials that were identified 
as pine and either used as a shipping container or as protection for the burial container 
(Trinkley et al. 2011).  The Tucker Cemetery in Texas was utilized between 1880 and 
1942 and had coffins constructed of cedar and pine (Lebo 1988).  Six burials were 
constructed of pine, two burials were constructed of solely cedar, while two burials were 
constructed of a pine bottom plus cedar sides and lid (Lebo 1988).  Pine, 
walnut/butternut, ash (Fraxinus sp.), and an unknown hardwood were found at the 
Michigan City Old Graveyard in Indiana (Strezewski 2003).  Walnut was solely from 
coffin containers, pine was from either the coffin or the outer box, and the ash and 
unknown hardwood were solely from the outer box (Strezewski 2003).  The use of 
eastern white pine was also seen in all of the burials at the 19th century St. Johannes 
Cemetery in Chicago (Trinkley et al. 2009).  Another 19th century cemetery in Uxbridge, 
Massachusetts contained coffins constructed of pine, poplar, chestnut, or a mixture of 
pine and poplar (Elia and Wesolowsky 1991).  Only two burials contained a chestnut 
(Castanea dentate) coffin at the Uxbridge Almshouse Burial Ground, while eighteen 
contained pine coffins and eight contained yellow poplar coffins (Elia and Wesolowsky 
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1991).  A chestnut coffin was also excavated at the Catoctin Furnace Cemetery in 
Maryland as well as a white oak coffin (Burnston 1981).  The W.J.L. Harris Burial on 
Colonel’s Island in Liberty County, Georgia consisted of a fine-grained mahogany coffin, 
which was thought to have been imported from Europe and signifies the upper-class 
status of the individual (Thomas et al. 1977).  Many legends were told orally about the 
Harris grave, but the Harris family owned a large plantation on Colonel’s Island (Thomas 
et al. 1977). 
Although the coffin wood was not analyzed from the excavations of the Frankfort 
Cemetery and the Terrill Cemetery, both located in Kentucky, evidence of wooden 
caskets or outer wooden boxes were present within the burials (Favret 2008; Stottman 
and Pollack 2005).  This demonstrates the continued use of wooden burial containers 
until at least 1844 or 1876, when the latest burial was dated at the cemeteries.  It also 
demonstrates the use of cheaper outer shipping containers to better protect the wooden or 
cast iron containers used to bury the deceased. 
 When analyzing the cemetery excavation research, pine was utilized most often to 
construct burial containers possibly due to the inexpensiveness of this wood (Table 2.1).  
Pine was noted in nine of the eleven cited cemeteries, while poplar was seen in three and 
walnut was seen in two.  Four cemeteries noted multiple wood species being utilized to 
construct a single burial container with the combinations of pine/cedar, pine/juniper, 
pine/poplar, and pine/walnut.  Lastly, three cemeteries, plus the two cemeteries with poor 
wood preservation, displayed outer wooden boxes within the graves that were used to 
protect the burial containers and were typically made from pine. 
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Table 2.1. Number of graves containing wood species utilized in cemetery sources cited. 
 
Cemetery Name Pine Poplar Cedar Chestnut Oak Walnut Juniper Mahogany Cherry 
Multiple 
types 
Total 
graves 
Catoctin Furnace Cemetery 
(Burnston 1981)       1 1           35 
Uxbridge Almshouse Burial 
Ground (Elia and 
Wesolowsky 1991) 18 8   2           3 31 
Tucker Cemetery (Lebo 
1988) 6   2             2 16 
Weir Family Cemetery 
(Little et al. 1992) 11         1       1 24 
Meadowlark Cemetery (Pye 
2007) 8 2                 17 
Tuscan City Cemetery (Pye 
2010) 267           303     141 909 
Michigan City Old 
Graveyard (Strezewski 
2003) 2         3       1 15 
Morgan Chapel Cemetery 
(Taylor et al. 1986) 12 1             2 1 21 
W.J.L Harris Burial 
(Thomas et al. 1977)               1     1 
St. Johannes Cemetery 
(Trinkley et al. 2009) 4                   4 
Son Cemetery (Trinkley et 
al. 2011) 8                 1  9 
Total cemeteries with that 
wood species 9 3 1 2 1 2 1 1 1     
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Conclusion 
In order for coffin wood or plant sources to stain bone surfaces, the remains must 
first be largely skeletonized, which suggests that archaeological or historical remains 
often see greater amounts of organic and decomposition staining than forensic remains 
(Cardoso et al. 2010; Huculak and Rogers 2009; Schultz et al. 2003).  This 
skeletonization may take considerable time to finish, and the differences in exposure to 
animal scavenging or environmental factors cause rates of skeletonization to vary greatly 
between buried remains and remains deposited on the ground surface (Gill-King 1997; 
Huculak and Rogers 2009; Pokines and Baker 2014; Rodriguez 1997; Schultz et al. 2003; 
Ubelaker 1997; Versari et al. 2012).  Once skeletonization is complete, or partially 
complete, the organic material that has decomposed will integrate into the ground water 
that surrounds the bones, causing the tannins to leave varying degrees and colors of 
staining on the external surface of bone.  The variation in staining coloration and pattern 
is useful in determining the significance of a set of remains to determine if further 
forensic investigation is necessary.   
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CHAPTER 3:  METHODS 
  
The sample for the present study consisted of 165 commercially available pig (Sus 
scrofa) femora divided into four experimental environments (Table 3.1).  Utilizing pig or 
other animal analogs when performing taphonomic research has been accepted in past 
research due to the ability to have larger sample sizes, less research restrictions, and the 
high degree of similarities between body compositions (Huculak and Rogers 2009; 
Jaggers and Rogers 2009; Komar 1999; Pokines 2014).  Femora were chosen for the 
present study due to a higher survivability rate in a forensic context at crime scenes 
(Huculak and Rogers 2009; Jaggers and Rogers 2009).  Once the bones were obtained, 
they were stored in a freezer within a laboratory at the BUSM until the processing of the 
bones began.  Previous research has shown that bones can be kept frozen for at least two 
weeks and thawed without the color being affected (Huculak and Rogers 2009; Jaggers 
and Rogers 2009). 
 
Preparation of the Sample 
The epiphyses of the femora were removed with a reciprocating saw in order to 
manually extract most of the fat residing within the medullary cavity.  The bone 
diaphyses were placed in a fume hood for a few hours or overnight to thaw, and the 
skeletal elements were then completely de-fleshed through scraping and the use of 
dermestid beetles.  This method of defleshing is more cost effective, limits the amount of 
handling, and reduces possible bleaching and structural degradation that may result from 
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using boiling water to remove excess flesh (Charabidze et al. 2014).  Completely 
skeletonized bones were chosen for this research due to the extended time necessary for 
decomposition of soft tissue to complete, allowing organic material to contact the bone 
directly.  Lastly, the bones were degreased, using an 80-20% dichloromethane and 
acetone solution, in order to prevent or remove staining resulting from decomposition or 
hemolysis.  Soaking bones in tap water was utilized for a portion of the sample to remove 
any blood surface staining that would interfere with the color staining from the 
experimental organic material.  This method involved soaking the bones in tap water for 
up to 24 hours, after which the bones were removed, and the process was repeated if 
blood surface staining was still visible.  Once the bones were cleaned, string was utilized 
to classify them into groups and to help differentiate between and within groups.  Each 
set was given a different color, and each bone within a set was given a different number 
of strings (Figure 3.1).    
 
 
Figure 3.1. String configuration for bone samples. 
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Materials 
 The present study took place simultaneously at the Boston University ORF in 
Holliston, Massachusetts, as well as at the BUSM.  The ORF allowed long-term 
deposition of the bones in an area secure from intrusive human interaction and large 
scavengers.  Twenty long bones were deposited on the ground surface in groups with one 
of four types of plant materials surrounding each bone surface.  The plant materials 
utilized were evergreen pine needles (Pinus strobus), northern red oak leaves (Quercus 
rubra), sugar maple leaves (Acer saccharum), and acorns (Quercus rubra) (Harlow 1957) 
(Table 3.2).  The plant materials were collected within the Boston and Holliston area of 
Massachusetts prior to the initiation of the study.  Non-corroding chicken wire was 
utilized to cover the surface bones in order to prevent human or animal disturbance, and 
no corrosion was noted during the study.  
 A sample of 40 pig long bones was buried at the ORF in boxes constructed of 
various species of wood and steel screws, at a depth of approximately fifty centimeters 
and in a typically inundated wetland environment.  This depth was chosen to allow 
significant amounts of standing water to surround the boxes/bones, providing an 
environment optimal for organic staining to occur.  Four bones were deposited in each 
wooden box with one box constructed of each wood type.  These wood types included 
hickory, walnut, cherry, soft maple, mahogany, yellow pine, poplar, cedar, oak, and 
spruce (Table 3.2).   
Eighty long bones were placed indoors in twenty plastic containers with pieces of 
the various wood types and filled with tap water.  Four long bones were deposited in each 
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plastic bin, and two bins per wood type were used.  The dimensions of the containers 
were 13” x 7.5” x 8.25” (0.33 m x 0.19 m x 0.21 m).  The wood types utilized were the 
same as those used to construct the wooden boxes in the previous sample (Table 3.2).  A 
separate set of five long bones was placed in a plastic container filled with tannic acid 
(C76H52O46) to determine what extent this substance causes color staining on bone and if 
the staining differs from the other materials.  Commercially available tannic acid powder 
was utilized and prepared by the researcher prior to the initiation of the study.  The 
solution was made with 100 grams of tannic acid powder that was dissolved in 1587.57 
grams of tap water, which resulted in approximately 56 fluid ounces of tannic acid 
solution.  As a control for the samples in plastic containers, five long bones were placed 
in a plastic container with tap water, but without wood pieces or tannic acid.   
Additionally, a sample of fifteen bones that were previously buried at the ORF 
was analyzed and the soil staining was classified.  These bones were buried for varying 
intervals of time and depths that provide a comparison with a different experimental 
environment.  A set of five bones was buried for a total of one, two, and three years with 
one deposited in the O horizon, two buried in the A horizon, and two buried in the C 
horizon for each time interval.  The O horizon consists mainly of a loose layer of 
decaying organic matter; the A horizon is composed of a mixture of mineral soil and 
organic matter accumulation; the C horizon consists mainly of unaltered or partially 
altered parent material (Dupras et al. 2012).   
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Table 3.1. Sample breakdown for each experimental environment. 
 
Sample Subset 
Sample 
Number 
Number of 
Bones 
Number of Bones per 
material 
Buried wooden boxes 1 40 4 
Plant matter 2 20 5 
Plastic containers 3 90 Wood - 8 (4 per box) 
Tannic Acid/Control - 5 
Buried in soil 4 15 15 
  
Total 165 
 
Table 3.2 Plant matter/wood species utilized. 
Sample Subset Wood/Plant Material Type 
Wood box/plastic container Yellow pine (Pinus sp.) 
Wood box/plastic container Hickory (Carya sp.) 
Wood box/plastic container Poplar (Populus sp.) 
Wood box/plastic container Walnut (Juglans sp.) 
Wood box/plastic container Mahogany (Swietenia sp.) 
Wood box/plastic container Cedar (Cedrus sp.) 
Wood box/plastic container Oak (Quercus sp.) 
Wood box/plastic container Spruce (Picea sp.) 
Wood box/plastic container Cherry (Prunus sp.) 
Wood box/plastic container Soft maple (Acer sp.) 
Plant matter Evergreen pine needles (Pinus strobus) 
Plant matter Sugar maple leaves (Acer saccharum) 
Plant matter Northern red oak leaves (Quercus rubra) 
Plant matter Acorns (Quercus rubra) 
 
Data Collection 
For Samples 1-3, the color of the bone or staining was qualitatively recorded 
using the Munsell Soil Color Chart (1994) and a 40-watt daylight light bulb prior to 
deposition in either the wooden box, plastic container, or on the ground surface and was 
repeated throughout the study.  Photographs were taken of multiple sides of the bone to 
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allow comparison to previous or later dates of data collection.  The original bone color 
was classified prior to deposition in the experimental environments, and any organic 
staining on the surface of the bones was classified at each data collection interval.  The 
color of any residual blood surface staining was also classified prior to depositing the 
bone and any change in the visibility or the color of the blood surface staining was 
documented at each data collection interval.  The color observation and the photographs 
were completed indoors to prevent interference of alternate lighting as well as to keep the 
bones from direct sunlight that may introduce sun bleaching (Beary 2005).  The data 
collection occurred in the same environment with the same conditions to prevent 
introduction of additional variables that would affect the Munsell categorization.   
The Munsell Soil Color Chart method has been suggested by Buikstra and 
Ubelaker (1994) and Dupras and Schultz (2014) and was used in the studies conducted by 
Huculak and Rogers (2009); Jaggers and Rogers (2009); and Shipman et al. (1984) when 
examining the staining or colorations on a bone surface from various environmental 
elements or processes. Weitzel and McKenzie (2008) and Ousley et al. (2014) also 
utilized this method when examining the archaeological contexts surrounding what 
taphonomic agents affected their remains under study.  The Munsell Soil Color Chart 
provides a comprehensive sample of colors that can be compared to material under 
question allowing the description of the color through the variables hue, chroma, and 
value (Cochrane 2014; Gerharz et al. 1988; Thompson et al. 2013).  This method allows 
a large number of colors to be classified and is relatively inexpensive, which allows a 
greater ability for research or validation studies to be conducted over those using 
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quantitative methods.  The color notation utilized in the Munsell Soil Color Chart is 
expressed as hue and value/chroma.  The hue is the actual name of the color, such as red 
or green, while the value is the lightness or darkness of a color, and the chroma is the 
purity or the difference from a neutral gray color (Cochrane 2014; Gerharz et al. 1988).   
The bone color or staining was observed after two months into the study and once 
a month after, until the completion of the study.  This process consisted of each bone 
being photographed followed by the color being recorded on a data collection sheet 
constructed by the author.  Prior to photographing the bones, they were allowed to dry 
overnight to accurately record the staining, as it changes when dry (Dupras and Schultz 
2014), and the color was recorded the following day.  The bones were stored indoors 
overnight to prevent interaction with any environmental agents that could affect the color 
staining.  The documentation process of the bones buried in direct soil contact, Sample 4, 
differed from the other samples, in which the photographs and color classifications 
occurred at only one instance during the study. 
 
Sample 1 – Buried Wooden Box Environment 
For the buried wooden box sample at the ORF, the initial photographs/color 
observations were conducted on December 16, 2015, and the wooden boxes and bones 
were buried on January 10, 2016.  This sample of the study was started sooner in order to 
assure burial of the boxes prior to snow or ice preventing burial.  The bones were cleaned 
and prepared as stated above, but slight blood staining manifested on some bone surfaces.  
This blood staining was classified at each time of data collection, but the staining was not 
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likely to affect the organic staining as at least one large area of unstained bone was 
visible for observation of organic staining.  After two months, the boxes were unburied 
and the lids were removed to allow access to the bones.  The boxes remained in the 
burials throughout the study, as they were firmly fixed within the ground.  The color 
staining was recorded of each bone, and they were placed back in the boxes, the lids were 
reattached, and the boxes were reburied.  Any soil that infiltrated the box when opened 
was removed by hand prior to the return of the bones.   
Gaps between the lid and the walls were noted in at least two wooden boxes by 
the fifth month of deposition.  This deterioration of the wood increased the access for 
sediment infiltration during the burial process or while resting in the grave.  This possibly 
allowed a degree of sediment contact with the bone. 
Upon unburying the boxes, water from the surrounding soil typically flowed into 
the grave, which filled the majority of the holes.  Beginning in May 2016, the fifth month 
of data collection, water did not leach into the grave during the unburying process, but a 
smaller amount of water was noted to fill the wooden box upon reburial of the bones.  By 
the seventh month of data collection, no water was noted in the graves upon unburying of 
the bones or reburial of the boxes.  Rust or corrosion was also noted on the seventh 
month that was transferred to the wood lining the nail heads in the coffin lid, but none 
contacted the bones directly. 
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Sample 2 – Surface Deposition Environment 
For the sample surrounded by plant material at the ORF, the initial 
photographs/color observations were conducted on April 15, 2016, and the bones were 
placed the same day.  After two months, the chicken wire and the plant material were 
removed to allow access to the bones.  The color staining was recorded/photographed, 
and the bones were returned to their original locations with the same plant material 
placed on top of the bones.  Large stones, logs, and stakes were utilized to secure the 
chicken wire and prevent small animals from having access to either the plant material or 
the bones.  Although this effort was made to secure the plant material, a small animal 
burrowed under the chicken wire between the third and fourth month of data collection 
and consumed a majority of the acorns.  The remaining acorn shells were not enough to 
cover the bone surfaces, so fresher acorns were collected from the surrounding area and 
were placed upon the bone sample. 
Throughout the study, the strings on some of the bones from this sample began to 
break, which were replaced with fresh string at the time of the next data collection.  
Additionally, the sample of bones surrounding by pine needles displayed a color change 
as a result of the localized string color bleeding onto the bone surface after the second 
month of deposition.  The string color was changed to prevent further staining of that 
kind and any color staining in the affected areas was not classified during later data 
collections.    
 
 
 40 
Sample 3 – Plastic Container Environment 
For the sample in plastic containers at BUSM, the initial photographs/color 
observations were conducted on April 2, 2016 and the bones were placed in the 
containers the same day.  After two months, the bones were removed, and the color 
staining was recorded.  The bones were placed in a fume hood overnight to dry, and the 
photographs/color observations were conducted the following day.  When they were 
returned to the containers, additional water was added to return the water level to its 
original position if needed.  Packing tape was utilized to secure the lids tightly to the 
container.  The two sets of containers were kept separate to avoid the mixing of bones 
between the two groups; however, photographs were taken that would allow the correct 
identification if mixing did occur. 
Within the first month of deposition, mold growth was noticed on the wood inside 
the plastic containers due to the warm temperature of the storage location.  Due to this 
issue, the boxes were opened on April 29, 2016 to manually remove as much mold 
growth as possible.  No mold growth was seen on the bones, so the bones were left in 
place, and the boxes were resealed the same day.  The plastic containers were transferred 
to a different storage location in an effort to decrease the stored temperature.  With each 
data collection episode, the mold was removed from the pieces of wood and the surface 
of the water, but no mold was observed on the bone surfaces.  The controls, deposited in 
tap water, displayed no mold growth, so no extra care was given to that plastic container.  
The container with the tannic acid displayed mold growth along the surface of the liquid, 
 41 
which was removed at each data collection, but there was no contact between the mold 
and the bones.   
It was also noted after July 2016, the third month of immersion, that the string 
color began to fade or displayed localized staining from the experimental environment.  
The staining of the strings was possibly due to the tannins from the water contacting the 
strings, but was only seen in a few bone samples.  This staining did not affect the 
identification of the string color so there was no confusion about to which wood species 
the bone was exposed.  
 
Sample 4 – Soil Environment 
An additional sample of fifteen bones was analyzed and the staining patterns and 
colorations were compared to the other samples within the present study.  This sample 
consisted of unfused juvenile pig femora that were mostly defleshed but not otherwise 
processed and buried in October 2013 within soil environments for intervals of 1, 2, or 3 
years at the Holliston ORF in varying soil horizons: O (0-10 cm below surface), A (25 
cm below surface), or C (50 cm below surface).  The bones were excavated during late 
September/October of 2014 through 2016.  They were photographed and the staining 
located on both the diaphyses and epiphyses was recorded on November 16, 2016, using 
a method similar to the other samples. 
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CHAPTER 4:  RESULTS 
  
The staining was analyzed on each sample exposed to the four experimental 
environments with colorations after six or nine months documented:  Sample 1 was 
composed of the bones buried within wooden boxes between January 2016 and January 
2017 with nine months of exposure documented below (Appendix A.1.), and Sample 2 
consisted of the bones deposited in plant matter between April 2016 and April 2017 with 
six months of exposure documented below (Appendix A.2.).  Sample 3 was composed of 
bones deposited in plastic containers surrounded by tap water, tap water and wood, or 
tannic acid between April 2016 and April 2017, with six months of exposure documented 
below (Appendix A.3).  Sample 4 consisted of the bones previously buried in a soil 
environment in October 2013 with up to three years of exposure documented below 
(Appendix A.4). 
 
Table 4.1. Frequency of original bone coloration. 
 
  White Pale yellow Pale brown Combination 
Sample 1 n=2 5.0% n=0 0.0% n=38 95.0% n=0 0.0% 
Sample 2 n=14 70.0% n=1 5.0% n=0 0.0% n=5 25.0% 
Sample 3 n=54 60.0% n=11 12.2% n=0 0.0% n=25 27.7% 
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Table 4.2. Frequency of blood staining visibility. 
 
  
Percentage 
visible after  
2 months 
Percentage 
visible after  
4 months 
Percentage 
visible after  
6 months 
Percentage 
visible after  
9 months 
Sample 1 n=27 67.5% n=26 65.0% n=3 7.5% n=0 0.0% 
Sample 2 n=8 40.0% n=2 10.0% n=0 0.0% NA NA 
Sample 3 n=45 50.0% n=19 21.1% n=5 7.5% NA NA 
 
Sample 1 – Buried Wooden Box Environment 
 The bones within this sample displayed either pale brown (95.0%) or white 
(5.0%) colorations prior to deposition within the buried wooden boxes (Table 4.1).  The 
organic staining tended to be lighter during the earlier months of exposure, and darker 
staining was expressed as exposure time increased.  Blood surface staining was present 
after bone preparation was complete and was expressed as a reddish brown coloration.  
This staining was no longer visible in 100.0% of the bones by the ninth month with only 
7.5% of bones displaying blood staining into the sixth month (Table 4.2). 
 The bones buried within the yellow pine box only displayed pale brown and/or 
light yellowish brown colorations after two months of exposure.  After five months of 
exposure, the color staining shifted to brown, dark brown and/or dark yellowish brown 
colorations across the bone surface.  After nine months of exposure, the bones mainly 
exhibited brown, grayish brown, and dark gray colorations, with brown or yellowish 
brown colorations along the bone margins (Figure 4.1).  The blood surface staining was 
covered by organic staining on some of the bones by the fourth month of exposure, but 
remained visible on a subset of the bones until the sixth month of exposure. 
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 The bones buried within the hickory box also displayed pale brown and/or 
yellowish brown staining after two months of exposure.  After five months of exposure, 
the bones exhibited mainly brown, dark brown, and/or dark yellowish brown colorations.  
The major colors expressed after the ninth month were brown, grayish brown, and gray 
with various brown colorations along the bone margins (Figure 4.1).  The blood surface 
staining was no longer visible on any of the bone surfaces after the sixth month of 
exposure, but it was covered by organic staining as early as four months of exposure on 
some bones.   
Those buried within the poplar box displayed pale brown and/or light yellowish 
brown colorations after two months of exposure.  Brown, dark brown, and dark yellowish 
brown were the major colors expressed on the bone surface after five months of 
exposure.  After nine months, the bones mainly exhibited brown, grayish brown, and dark 
gray colorations with yellowish brown colorations present along the bone margins 
(Figure 4.1).  Blood surface staining was no longer visible on any bone surface after the 
sixth month of exposure but was covered by organic staining as early as five months on 
some bones. 
 After two months of burial within a cedar box, the bones tended to exhibit pale 
brown and/or yellowish brown colorations.  After five months of exposure, the bones 
exhibited very dark grayish brown, very dark gray, and/or black colorations.  Nine 
months exposure resulted in a display of brown, dark grayish brown, dark gray, and/or 
black colorations with yellowish brown colorations present along the bone margins 
(Figure 4.1).  Half of the bones no longer exhibited blood surface staining by two months, 
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while the staining on the other half of the bones was visible until the fifth month of 
exposure. 
 Pale brown and light yellowish brown colorations were commonly expressed after 
two months of burial within the soft maple box.  After five months of exposure, the bones 
typically exhibited brown, dark brown, and/or grayish brown colorations.  After nine 
months of exposure, the bones mainly exhibited brown, grayish brown, and gray 
colorations with yellowish brown colorations present along the bone margins (Figure 
4.1).  No blood surface staining was visible on any of the bones after the fifth month of 
exposure. 
 Burial within the mahogany box resulted in the expression of pale brown and/or 
yellowish brown colorations after two months of exposure.  Bones most commonly 
exhibited brown, dark brown, and/or dark yellowish brown colorations after five months.  
After nine months of exposure, the bones exhibited brown, grayish brown, and gray 
colorations with yellowish brown colorations typically occurring along the bone margins 
(Figure 4.1).  Blood surface staining was no longer visible on any of the bone surfaces 
after the fifth month of exposure. 
 After two months of burial within the spruce wooden box, the bones exhibited 
yellow, brownish yellow, and/or pale brown colorations.  Brown, grayish brown, and 
dark yellowish brown colorations were commonly seen on the bone surfaces after five 
months of burial.  After nine months of exposure, brown, grayish brown, and gray 
colorations were most commonly seen on the bones (Figure 4.1).  Blood surface staining 
was no longer visible on any bone after five months of exposure. 
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 Burial within the walnut wooden box tended to result in very dark gray, dark 
grayish brown, and/or black colorations on the bone surface after two months of 
exposure.  After five months of exposure, the colored staining shifted to mainly very dark 
gray or black colorations on the bone surface.  The bones tended to exhibit dark brown, 
dark grayish brown, dark gray, and/or black colorations (Figure 4.1).  None of the bones 
in this group still had visible blood surface staining by two months of exposure. 
 After two months of burial within the oak box, the bones exhibited mainly dark 
gray, grayish brown, and/or black colorations.  Dark brown, dark grayish brown, dark 
gray, and/or black colorations were present on the bones after five months of burial.  
After nine months of exposure, the bones tended to exhibit dark brown, dark grayish 
brown, dark gray, and/or black colorations (Figure 4.1).  None of the bones still exhibited 
visible blood surface staining by the second month of exposure. 
 Burial within a cherry wooden box resulted in the bones displaying light brownish 
gray, gray, and/or black colorations after two months of exposure.  The main colors that 
were expressed after five months of exposure were dark brown, dark grayish brown, dark 
gray, and/or black.  After nine months of exposure, the bones exhibited dark grayish 
brown, gray, dark gray, and/or black colorations with yellowish brown colorations 
present along the bone margins (Figure 4.1).  Blood surface staining was replaced by 
other staining by the second month in the majority of the bones, with one bone presenting 
blood staining until after the fifth month.  Figures 4.2-4.4 show the entire sample at 
various data collection intervals, which includes after 2, 7, and 9 months of exposure.   
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Sample 2 – Surface Deposition Environment 
 All of the bones in this sample exhibited a white coloration (70.0%), a pale yellow 
coloration (5.0%), or both colorations (25.0%) prior to contact with the various plant 
matter (Table 4.1).  The bones were deposited on the ground surface and often displayed 
sporadic staining across the external bone surface.  Any residual blood staining present 
on the bone surface after bone preparation was often light in color and reduced in 
visibility over exposure time.  This blood surface staining was visible in only 10.0% of 
the sample by the fourth month of exposure with a disappearance of the staining in 
100.0% of the bones by the sixth month (Table 4.2). 
 After two months of exposure, the bones exposed to acorns displayed a large 
range of variation in colorations, including white, pale brown, yellowish brown, reddish 
brown, dark brown, grayish brown, and gray.  After six months, the bones still exhibited 
a wide range of colorations, including pale brown, yellowish brown, reddish brown, 
brown, dark brown, grayish brown, gray, and black (Figure 4.5).  The majority of the 
bones no longer exhibited blood surface staining by two months of exposure, with no 
visible staining on any bone by three months. 
The bones exposed to oak leaves exhibited a small range of staining on the bone 
surfaces after two months of exposure.  The majority of bones exhibited pale brown 
colorations with light brownish gray, brown, and white colorations expressed to a lesser 
degree.  After six months of exposure, the range of colors increased with pale brown, 
yellowish brown, brown, grayish brown, gray, and white colorations present (Figure 4.5).  
In the majority of the bones, the blood surface staining was no longer visible by the 
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second month of exposure with only one bone displaying staining until after the fifth 
month.   
The bones exposed to maple leaves exhibited the same pattern of staining in 
which the range of coloration increased over time.  After two months, the bones mainly 
exhibited pale brown, yellowish brown, and brown colorations across the bone surface.  
After six months of exposure, the bones exhibited pale brown, yellowish brown, brown, 
and grayish brown with the pale brown colorations commonly found along the bone 
margins (Figure 4.5).  In the majority of the bones, the blood surface staining was no 
longer visible after the second month of exposure, with only one bone displaying blood 
staining into the fourth month of deposition. 
The bones exposed to the pine needles also exhibited an increase in the range of 
colorations present on the bone surface over time.  After two months of exposure, the 
bones mainly exhibited pale brown colorations with yellowish brown, gray, and white 
colorations expressed to a lesser degree (Figure 4.5).  Two of the bones no longer had 
blood surface staining by the second month of exposure, while the other three displayed 
staining until after two months of deposition.  Figures 4.6 and 4.7 show the entire sample 
at various data collection intervals, which includes 3 and 6 months of exposure.   
 
Sample 3 – Plastic Container Environment 
 All of the bones within this sample exhibited a white coloration (60.0%), a pale 
yellow coloration (12.2%), or a combination of both on a single bone (27.7%) at the 
initiation of the study and prior to contact with the organic material (Table 4.1).  Often, 
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the bones exhibited lighter colorations within the first few months of exposure that 
tended to darken with exposure time.  Any residual blood staining that was present after 
bone preparation was often light in color and/or located on limited areas on the bone 
surface.  This staining was visible on 21.1% of bones in the fourth month of exposure 
with only 5.5% of bones displaying this staining into the sixth month (Table 4.2).   
 The bones exposed to yellow pine resulted in the least amount of visible color 
staining on the bone surfaces.  After two months, all of the bones exhibited a very pale 
brown or pale yellow coloration across the bone surface.  After four months of exposure, 
all of the bones still exhibited various very pale brown colorations that often only slightly 
darkened in value compared to two months exposure.  After six months, the bones tended 
to only exhibit brownish gray and/or pale brown colorations (Figure 4.8).  Due to the 
lighter staining overall, the majority of bones tended to display visible blood surface 
staining until after the fifth month of exposure. 
After two months of exposure to the cherry wood type, all of the bones exhibited 
light/pale brown and/or pink colorations.  After four months, the bones began to display 
mainly reddish brown colorations with reddish yellow within spots or along the margins 
and some residual light brown and pink staining.  All of the bones exhibited yellowish 
red, reddish brown, and/or reddish yellow colorations along the bone surface or along the 
margins of the bone after six months of exposure (Figure 4.8).  The blood surface 
staining on these bones tended to disappear after three months of exposure, with two 
displaying staining through the fourth month, and only one maintaining visibility through 
the sixth month. 
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 Exposure to the cedar wood type resulted in brown and/or gray colorations in all 
of the bones by the sixth month with the margins often displaying darker brown 
colorations.  Brown colorations were displayed throughout the entire exposure time with 
lighter brown colorations more common after two months and medium brown colorations 
more common after four months (Figure 4.8).  The blood surface staining was no longer 
visible on any bone surface by three months of exposure and often changed from a gray 
to a brown coloration when still visible at two months of exposure. 
 Bones exposed to the soft maple wood also displayed similar brown colorations 
throughout exposure.  After two months of exposure, the bones often exhibited pale 
brown and/or light brown colorations that stayed consistent after four months with slight 
variations of medium brown colorations displayed on the bone shaft and light or pale 
brown colorations displayed along the margins (Figure 4.8).  A majority of the bones 
expressed no blood surface staining after the second month of exposure with the 
exception of one bone displaying a light brownish gray staining through the fourth month 
of exposure.   
Those deposited with the oak wood also resulted in various brown colorations 
across the bone surfaces and throughout the exposure period.  The bones exhibited 
various pale brown, light brown, and brown colorations after two months of exposure.  
This staining changed to more medium or strong brown colorations with limited 
appearances of light brown or grayish brown after four months of exposure.  After six 
months of exposure, only medium to dark brown, gray, and grayish brown colorations 
were present (Figure 4.8).  The majority of the bones no longer displayed visible blood 
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surface staining after two months, with the remaining three bones lacking visibility of the 
staining after four months of exposure. 
The majority of the bones exposed to poplar wood exhibited only pale brown 
colorations after two months of exposure.  After four months, brown and/or pinkish gray 
colorations were present on the bone surfaces.  After six months of exposure, brown 
and/or dark gray colorations were present on half of the group, while the other half 
tended to display reddish gray, pinkish gray, or gray colorations (Figure 4.8).  The blood 
surface staining was visible on the bones for various lengths of time with all bones 
exhibiting no staining after the fifth month. 
After two months of exposure to hickory wood, the bones exhibited grayish 
brown, pale brown, brown, and/or light brownish gray colorations.  After four months of 
exposure, the bones displayed the same grayish brown and light brownish gray 
colorations, along with other brown colorations on the shaft and yellowish brown or pale 
brown colorations along the bone margin.  These same colorations were present after six 
months of exposure as well with very little variation in expression (Figure 4.8).  Blood 
surface staining was not visible in the majority of bones by two months of exposure and 
was not visible on the bone surface of any bone by three months of exposure. 
 Exposure to walnut wood for two months resulted in the presence of dark gray, 
brown, and grayish brown colorations on the bones.  The color staining began to darken 
after four months displaying dark gray, dark grayish brown, and black colorations.  After 
six months of exposure, the bones often exhibited dark gray, dark grayish brown, and 
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black colorations, similar to those seen after four months of exposure (Figure 4.8).  No 
blood surface staining was visible on the bones by two months of exposure. 
 The bones exposed to the mahogany wood displayed consistent red colorations 
with weak red and pale red colors expressed after two months of exposure.  Weak red 
and/or pale red colorations were also expressed on all of the bones after four months of 
exposure with lighter red colorations present along the bone margins.  All bones 
exhibited the weak red coloration across the entire bone surface after six months of 
exposure with light red colorations only present along the bone margins (Figure 4.8).  
The light gray blood surface staining present prior to exposure was replaced by organic 
staining in all of the bones by the second month of exposure. 
 Those exposed to the spruce wood tended to display weak red, pale red, and/or 
pink colorations after two months of exposure.  After four months of exposure, the bones 
often displayed reddish gray, weak red, and/or reddish brown colorations.  By six months 
of exposure, the majority of bones displayed reddish gray colorations with reddish brown 
and weak red colorations expressed to a lesser degree (Figure 4.8).  The majority of the 
bones no longer displayed blood surface staining by two months, with staining no longer 
visible on the surface of any bone by three months of exposure. 
 All of those exposed to tannic acid displayed a grayish coloration of blood surface 
staining prior to exposure, which disappeared by the next data collection interval at two 
months exposure.  The bones displayed dark reddish brown, dark brown, dark gray, or 
black colorations by the second month of exposure.  This shifted to mainly black or dark 
gray colorations with spots of red colorations by the fourth month of exposure.  After six 
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months, all bones exhibited complete black colorations, both chalky and metallic in 
appearance, with limited weak red colorations along the margins (Figure 4.8).   
The controls for this sample exhibited white, pale yellow, and/or pale brown 
colorations that remained consistent throughout the study.  The blood surface staining 
was displayed as a light gray coloration in the majority of the bones with limited 
instances of pinkish gray or brownish gray as well.  This staining was visible through the 
entire study for all of the control bones except one where a light pink staining overlapped 
the blood staining, preventing classification.  This light pink staining was possibly due to 
bacterial contact to the bones.  Figures 4.9 and 4.10 show the entire sample at various 
data collection intervals, which includes 2 and 5 months of exposure. 
 
Sample 4 – Soil Environment 
This sample consisted of unfused juvenile pig (Sus scrofa) femora that were 
mostly defleshed, but not cleaned or otherwise processed, prior to burial.  The bones in 
this sample were buried at various depths (O, C, and A horizons) for various lengths of 
time (1, 2, and 3 years).  The color staining present on this sample was less uniform in 
appearance, and the bones often displayed a large number of colorations sporadically 
across the diaphysis and epiphyses.  The major colorations expressed on this sample 
include very dark grayish brown, dark grayish brown, grayish brown, very dark gray, and 
brown with others such as black, yellowish brown, and light brownish gray being 
expressed in limited degrees. 
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  The bone buried within the O horizon for the interval of one year exhibited pale 
brown, reddish brown, grayish brown, and gray colorations on both the diaphysis and 
epiphyses, with patches of brownish yellow or dark yellowish brown colorations due to 
the remaining fat within the bone.  After two years of burial in the O horizon, a bone 
exhibited a similar coloration with pale brown, yellowish brown, brown, grayish brown, 
and dark gray expressed on the bone surfaces.  This same coloration was also present on 
the bone buried within the O horizon for three years (Figure 4.11).   
 The bones deposited within the A horizon for one year exhibited brown, grayish 
brown, yellowish brown, and dark gray colorations with brownish yellow and yellowish 
brown appearing in patches due to grease within the bone.  After two years of burial, 
bones within this horizon expressed brown, yellowish brown, dark grayish brown, and 
dark gray colorations with patches of yellowish brown from the bone grease.  The main 
colorations expressed after three years of deposition were pale brown, dark grayish 
brown, and yellowish brown (Figure 4.12). 
 The bones buried within the C horizon for one year exhibited pale brown, brown, 
grayish brown, and gray colorations with areas of yellowish brown staining from the 
grease within the bone.  After being buried for two years, bones within the C horizon 
exhibited pale brown, brown, grayish brown, gray, and very dark gray colorations with 
patches of yellowish brown and brownish yellow grease staining.  Major colorations 
expressed after three years of burial in the C horizon were, pale brown, brown, and dark 
grayish brown (Figure 4.13). 
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Additional Taphonomic Alterations   
 Additional taphonomic alterations that were noted on at least one bone within this 
study were drying cracks, bacterial contact, mold contact, and sap or plant adhesion.  
Drying cracks were noted in bones within all three samples, which was due to the wetting 
and drying cycles (Figure 4.14).  The outer cortical bone surface experiences stress 
during the drying process due to the contraction of the bone (Evans 2014).  This stress 
can result in a crack that extends from the outer cortical bone into the medullary cavity 
and often crosses the entire length of the diaphysis (Evans 2014).  The control bones in 
Sample 3 displayed light pink staining on the bone surface that was not expressed on any 
other bone in the entire sample (Figure 4.15).  This staining was possibly due to contact 
with bacteria present in the tap water.  Mold contact was noted on bones in Sample 1 and 
3 that was displayed as either white or black strands (Figures 4.16 and 4.17).  These were 
often due to adhesion upon removal of the bone from the box or container rather than 
from growth on the bone surface.  A sap droplet and small pieces of plant leaves were 
noted on at least one bone in Sample 2 (Figure 4.18). 
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Figure 4.1. Bones in buried wooden boxes (pre-9 months): Ranging from 0, 2, 3, 4, 5, 
6, 7, 8, and 9 months in (a) yellow pine, (b) hickory, (c) poplar, (d) cedar, (e) soft 
maple, (f) mahogany, (g) spruce, (h) walnut, (i) oak, and (j) cherry. 
 
 
a 
b 
c 
d 
e 
0 2 3 4 5 6 7 8 9 
 57 
 
 
Figure 4.1. (continued) Bones in buried wooden boxes (pre-9 months): Ranging from 
0, 2, 3, 4, 5, 6, 7, 8, and 9 months in (a) yellow pine, (b) hickory, (c) poplar, (d) cedar, 
(e) soft maple, (f) mahogany, (g) spruce, (h) walnut, (i) oak, and (j) cherry. 
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Figure 4.2. Bones in buried wooden boxes (2 months): (a) oak, (b) walnut, (c) cherry, 
(d) mahogany, (e) cedar, (f) soft maple, (g) yellow pine, (h) hickory, (i) poplar and (j) 
spruce. 
 
 
 
 
 
Figure 4.3. Bones in buried wooden boxes (7 months): (a) oak, (b) yellow pine, (c) 
hickory, (d) poplar, (e) walnut, (f) mahogany, (g) cedar, (h) spruce, (i) cherry, and 
(j) soft maple. 
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Figure 4.4. Bones in buried wooden boxes (9 months): (a) spruce, (b) oak, (c) walnut, 
(d) poplar, (e) yellow pine, (f) hickory, (g) soft maple, (h) mahogany, (i) cedar, and 
(j) cherry. 
a b c d e f g h i j 
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Figure 4.5. Bones in plant matter (pre-6 months): Ranging from 0, 2, 3, 4, 5, and 6 
months of exposure in (a) acorns, (b) oak leaves, (c) maple leaves, and (d) pine 
needles. 
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Figure 4.6. Bones in plant matter (3 months): exposure to (a) maple leaves, (b) pine 
needles, (c) oak leaves, and (d) acorns.  
 
 
 
 
Figure 4.7. Bones in plant matter (6 months): exposure to (a) pine needles, (b) 
acorns, (c) maple leaves, (d) and oak leaves. 
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Figure 4.8. Bones in plastic containers (pre-6 months): ranging from 0, 2, 3, 4, 5, and 
6 months of exposure with (a) yellow pine, (b) cherry, (c) cedar, (d) soft maple, (e) 
oak, (f) poplar, (g) hickory, (h) walnut, (i) mahogany, (j) spruce, and (k) tannic acid.  
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Figure 4.8. (continued) Bones in plastic containers (pre-6 months): ranging from 0, 
2, 3, 4, 5, and 6 months of exposure with (a) yellow pine, (b) cherry, (c) cedar, (d) 
soft maple, (e) oak, (f) poplar, (g) hickory, (h) walnut, (i) mahogany, (j) spruce, and 
(k) tannic acid.  
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Figure 4.8. (continued) Bones in plastic containers (pre-6 months): ranging from 0, 
2, 3, 4, 5, and 6 months of exposure with (a) yellow pine, (b) cherry, (c) cedar, (d) 
soft maple, (e) oak, (f) poplar, (g) hickory, (h) walnut, (i) mahogany, (j) spruce, and 
(k) tannic acid.  
 
 
 
 
 
 
 
k 
j 
i 
0 2 3 4 5 6 
 65 
 
 
Figure 4.9. Bones in plastic containers (2 months): exposure to (a) hickory, (b) soft 
maple, (c) cherry, (d) poplar, (e) cedar, (f) mahogany, (g) yellow pine, (h) walnut, (i) 
oak, and (j) spruce. 
 
 
 
 
Figure 4.10. Bones in plastic containers (5 months): exposure to (a) oak, (b) 
mahogany, (c) soft maple, (d) cherry, (e) hickory, (f) tannic acid, (g) control, (h) 
poplar, (i) walnut, (j) yellow pine, (k) cedar, and (l) spruce. 
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Figure 4.11. Bones in soil environment (O horizon): buried for (a) 1 year, (b) 2 
years, and (c) 3 years. 
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Figure 4.12. Bones in soil environment (A horizon): buried for (a) 1 year, (b) 2 
years, and (c) 3 years. 
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Figure 4.13. Bones in soil environment (C horizon): buried for (a) 1 year, (b) 2 
years, and (c) 3 years. 
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Figure 4.14. Drying crack (blue arrow). 
 
 
Figure 4.15. Pink bacterial staining (blue arrow). 
 
 
Figure 4.16. White mold contact (blue arrow). 
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Figure 4.17. Black mold contact (blue arrow). 
 
 
Figure 4.18. Sap droplet (blue arrow). 
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CHAPTER 5:  DISCUSSION 
 
 The purpose of the present study was to analyze the color variation of bone 
staining after exposure to a variety of organic materials for different intervals of time.  
The documentation of color staining is applicable when a determination of the 
depositional environment is necessary to understand the postmortem or taphonomic 
events/agents that affected a set of remains.  The change or darkening in staining over 
time also allows a potential for the estimation of PMI for a set of remains.  It was 
hypothesized that the degree of staining would increase as the length of exposure time to 
the organic matter increased and that different plant materials would leave variations in 
the degrees or colorations expressed on the bone surface.  The staining on the majority of 
the bones darkened in color throughout the progression of the study.  Variations in the 
degrees or patterns of staining were present between samples, while variations of 
colorations were often seen within samples, which are discussed in more detail below. 
 
Intra-Sample Comparisons 
Sample 1 – Buried Wooden Box Environment 
 The staining of this sample manifested on the majority of the bones by two 
months of exposure and appeared to darken in color with an increased length in exposure 
time.  After two months of exposure, bones buried within walnut, cherry, and oak 
wooden boxes expressed the darkest staining colorations, which included dark gray and 
dark grayish brown.  The other seven sets of bones displayed lighter colored staining, 
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which was often expressed as pale brown and yellowish brown colorations.  After nine 
months of exposure, the staining colorations were similar between all of the bone sets of 
this sample, but slight variations were still present.  Bones buried within the walnut, oak, 
and cherry wooden boxes still tended to display darker colorations, with those in the 
cedar wooden box also displaying this darker staining.  This staining was mainly 
expressed as dark gray and black colorations with limited areas of grayish brown or 
brown colorations.  The other bones tended to display mainly grayish brown or brown 
colorations with a lesser degree of dark gray colorations and limited to no black 
colorations. 
 After nine months of exposure, all of the bones exhibited similar colorations 
(brown, very dark gray, or grayish brown), which negatively affected the potential for 
species identification from the organic staining.  This similarity in staining coloration is 
most likely due to additional environmental agents interacting with the bones and the 
experimental environment.  These agents include sediment infiltrating the wooden boxes 
after extended exposure to the destructive soil environment or bone contact with the 
organically enriched water from the surrounding environment.  As noted previously by 
Schultz et al. (2003) and Pokines and Baker (2014), a combination of the soil pressure 
above the wooden box and the aqueous environment in which the boxes were buried 
potentially weakened the wood and caused deformation of the boxes.  This increases the 
potential for sediment (i.e., from the walls or the backfill of the burial) to infiltrate the 
boxes and manifest as soil staining on the bone surfaces.  The repeated manipulation of 
the boxes with each data collection may also have contributed to the breakdown, as 
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physical force was often necessary to remove the lids each time.  Upon each re-
excavation, between January 2016 and May 2016, water would infiltrate the graves from 
the surrounding soil environment.  This water displayed a brown or discolored 
appearance, due to the iron oxides in the surrounding soil, which potentially contributed 
to the similar brown- or gray-colored staining expressed on all of the bones within this 
sample.  Evans (2014) also noted light or medium brown discoloration to be common on 
bone as a result of partial/complete burial or submersion in a discolored fluvial 
environment. 
 Although tannins are known to affect the degree of staining, where hardwoods 
typically have a larger number of tannins and lighter-color woods or softwoods tend to 
have a lesser amount of tannins (Pokines and Baker 2014; Pokines et al.2016; Schultz et 
al.2003), no pattern associated with the number of tannins and the darkness of staining 
was apparent in the present study.  The darkest colorations (i.e., dark gray and black) 
within this set were seen on bones exposed to both hardwoods and softwoods, while the 
lighter colorations (i.e., grayish brown and brown) were also present on both wood types. 
 
Sample 2 – Surface Deposition Environment 
 Each bone exposed to the various plant materials displayed sporadic staining 
across the bone surfaces resulting in a larger amount of colorations expressed on each 
bone.  This resulted in a small number of colorations to be expressed on multiple bones 
across the sample.  Although similarities were present, the bones exposed to acorns often 
displayed darker patches of staining than those exposed to other plant matter.  The 
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sporadic nature of the staining allowed for patches of paler bone, similar to that of the 
original bone color, to be present across the bone surface for longer exposure periods.  A 
majority of the bones expressed these lighter colorations even into the sixth month of 
exposure. 
 Variations in the staining coloration and pattern are visible within this bone 
sample.  By the sixth month of exposure, the bones exposed to acorns often displayed 
larger patches of darker staining, which consisted of brown and dark grayish brown 
colorations.  The bones exposed to the other plant materials tended to display larger areas 
of lighter staining, with smaller areas of darker staining.  The darker patches of staining 
on the bones exposed to acorns was often expressed in circular patterns, with the largest 
being approximately a centimeter in diameter.  The bones exposed to maple leaves 
exhibited larger areas of staining, which was lighter in color than those exposed to acorns 
and often darker than those exposed to oak leaves or pine needles.  These larger areas of 
staining, however, did not exhibit specific patterns that matched the shape of maple 
leaves.  Both the bones exposed to the oak leaves and the pine needles tended to display 
the lightest staining with only spots of darker staining that was similar in color to the 
other two plant material species.  Neither of these samples displayed patterns of staining 
that matched the plant material contacted.   
 The limited diagnostic staining patterns (i.e., leaf outlines or pine needle tracks) 
may potentially be explained by the constant disturbance of the experimental 
environment.  The bones were removed monthly to classify any bone staining, which 
would have disturbed any bone to tannin contact that would have caused this staining.  
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Longer intervals of exposure between data collection may have allowed more diagnostic 
staining patterns to form.   
 
Sample 3 – Plastic Container Environment 
 Each individual bone in this sample exhibited a change in color over exposure 
time in which the staining darkened across the external bone surface.  After nine months 
of exposure, the bones within this sample expressed a large range of variation in color 
staining.  Black colorations were expressed on those exposed to tannic acid, while dark 
gray and/or grayish brown colorations were expressed on those exposed to walnut.  Three 
sets expressed red colorations, but variations were apparent, with cherry wood resulting 
in reddish brown or reddish yellow staining, mahogany wood resulting in weak or light 
red staining, and spruce wood resulting in reddish gray staining.  Half of the bones 
expressed variations of brown staining after nine months of exposure.  Those exposed to 
oak displayed mainly light brown or brown colorations, while the others tended to display 
both brown and gray colorations.  Poplar wood was an exception in that after nine 
months, half of the bones displayed brown or gray colorations, while the others displayed 
reddish gray or gray colorations. 
 The staining pattern was consistent across a majority of the bones, in which 
multiple colors were expressed on the bone shaft with at least one bone in each set 
(except those exposed to walnut and the control sample) displaying a margin with a 
coloration differing from the main bone shaft.  The staining coloration allows the 
identification of the wood species or at least the narrowing to a few potential species.  
 76 
Both the bones exposed to tannic acid and those exposed to walnut exhibited the darkest 
colorations, which consisted of black, dark gray, and dark grayish brown.  To 
differentiate these, those exposed to tannic acid only exhibited a black coloration, while 
the bones exposed to walnut displayed black, gray, and grayish brown colorations.  
Identification of the wood species of cedar, soft maple, oak, hickory, yellow pine, and 
poplar was more difficult due to a similar brown coloration found on all of these sets.  Of 
these species, bone staining on the those exposed to soft maple and yellow pine tended to 
be the lightest in color with soft maple associated with light brown and brown 
colorations, while yellow pine is associated with pale brown and light brownish gray 
colorations.  Bones exposed to cedar and poplar tended to exhibit colorations more 
intermediate in darkness, with both sets typically displaying brown and gray or dark gray 
colorations.  Bones deposited with oak tended to display the darkest brown-colored 
staining, with a majority of the bones exhibiting dark brown and dark gray or dark 
grayish brown colorations.  The bone staining expressed on those deposited with hickory 
tended to exhibit a range of colorations that was similar to all the brown-colored staining 
mentioned above.   
 Similar to Sample 1, no pattern of darker staining on bones exposed to hardwoods 
was apparent.  Bones deposited with hardwood species expressed both light and dark 
colorations as well as the bones deposited with softwood species. 
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Sample 4 – Soil Environment 
 The color staining present on this sample was less uniform in appearance, and the 
bones often displayed a large number of colorations sporadically across the diaphysis and 
epiphyses.  Bone deposited within the O horizon (0 to -10 cm) tended to exhibit a lesser 
range of colorations as the time of exposure increased, while those deposited within the A 
(-25 cm) and C (-50 cm) horizons tended to exhibit a similar range of colorations during 
the entire exposure interval.   	   After one year of deposition, darker colorations were more frequently seen on the 
bones buried within the A horizon.  A larger amount of lighter colorations were 
frequently expressed on those buried within the C horizon.  After two years of deposition, 
a larger range of colorations, both light and dark, were expressed on bones buried within 
the C horizon.  Light and dark colorations tended to be expressed in approximately equal 
quantities on bones within each depth.  After three years of deposition, light and dark 
colorations were expressed almost equally on the bones at each depth. 
Bones buried within the O horizon exhibited a gradual increase in the frequency 
of darker colorations with increasing exposure time, with a gradual decrease in lighter 
colorations over time.  Both, bones within the A and C horizons, exhibited similar 
staining patterns, in which lighter colorations decreased in frequency with increased 
exposure time.  Darker colorations tended to be expressed over larger areas of the bone 
surfaces, but tended to stay consistent with frequency.  
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Inter-Sample Comparisons 
 Differences in staining colorations and patterns between the bone samples 
allowed a distinction between the bones exposed to the various wood species, those 
buried in a soil environment, and the bones exposed to plant matter.  Those buried within 
the wooden boxes (Sample 1) or submerged in the plastic containers (Sample 3) 
displayed more uniform colored staining on the external bone surface, while those 
exposed to plant matter (Sample 2) displayed more sporadic colored staining across the 
external bone surface.  The uniform staining suggests deposition in an environment with 
a constant exposure to an environmental agent to all surfaces of the bone.  In contrast, the 
sporadic nature of the staining suggests the environmental agents were unable to contact 
every bone surface at once.  The bones buried solely within the soil environment (Sample 
4) tended to display staining patterns intermediate to the above samples.  The staining 
tended to be less sporadic, as it covered the majority of the bone surface; however, it was 
less uniform compared to the wooden box bones, since a larger range of colorations was 
expressed on a single bone surface. 
 Both the bone samples exposed to the various wood species (Sample 1 and 
Sample 3) expressed uniform staining across the majority of the bone surface, with the 
bone margins exhibiting different colorations on some of the bones.  Although the 
staining pattern between the samples was similar, the colorations expressed often differed 
between the samples.  The bones buried within wooden boxes (Sample 1) typically only 
displayed a range of brown, gray, and black colorations, while those deposited in the 
plastic containers (Sample 3) exhibited a larger range of colorations.   
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 When comparing the bones exposed to the various wood species (Sample 1 and 
Sample 3), approximately half of the sets exhibited similar colorations between the two 
samples.  Bones deposited with oak wood in both samples exhibited gray, dark gray, dark 
grayish brown, and dark brown staining.  In contrast, bones buried in oak boxes tended to 
also exhibit darker colorations (i.e., black and very dark gray) that were not apparent on 
those deposited in the plastic containers.  The bones deposited with walnut in both 
samples tended to exhibit very dark gray, dark grayish brown, and black colorations.  To 
a lesser degree, the bones deposited with hickory exhibited similar brown and grayish 
brown colorations, while those deposited with cedar exhibited similar brown and dark 
gray colorations.   
 Utilizing the staining patterns and colorations that manifested on the bone 
surfaces within the present study, estimations regarding environmental reconstructions, 
PMI, and species estimation appear to be possible.  Environmental reconstruction for 
bones in which previous context is unknown involves determining or identifying 
particular environmental agents that have influenced the remains (Dupras et al. 2012; 
Haglund and Sorg 1997a, 1997b; Nawrocki 2009; Ubelaker 1997).  Based on the staining 
pattern in the present study, distinctions between burial and surface deposition can be 
made.  If the bone exhibits sporadic staining across the bone surface, the bone most likely 
was deposited on the ground surface for an extended period of time, while a bone that 
exhibits more uniform staining most likely was deposited in a burial environment or a 
more contained environment.  Diffuse staining in which a large range of colorations are 
expressed most likely indicates the bone was deposited in a burial environment with 
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direct soil contact, while uniform organic staining with limited colorations expressed 
most likely indicates concealment in a wooden container.  This can include either a 
wooden burial container for burial environments or sealed wooden boxes stored in indoor 
conditions.  
 Estimation of the PMI of a set of remains is another important factor in a forensic 
case.  The results of the present study indicate that organic staining, from both wood and 
other plant matter, can manifest on a bone surface after only two months of exposure.  
For the bones buried within wooden boxes (Sample 1), there were two main patterns of 
staining over time.  The majority of the bones exhibited mainly yellowish brown and 
brown colorations between the third and fifth month of exposure, with the addition of 
gray and grayish brown colorations occurring between the sixth month and ninth month 
of exposure.  Those buried within cherry, oak, and walnut wooden boxes exhibited 
brown, grayish brown, gray, and black colorations between the third and ninth months of 
exposure.  Based on these patterns, yellowish brown and brown staining is more 
associated with a PMI between three and five months after skeletonization, while the 
presence of gray, grayish brown, and black staining is more associated with a PMI of six 
or more months after skeletonization, with the exception of three wood types.  Two of the 
other subsets of the study (Sample 2 and Sample 3) were exposed for a lesser amount of 
time, so PMI estimation was more problematic.  The majority of the bones within the 
plastic containers (Sample 3) exhibited a consistent staining coloration between the third 
and fifth month of exposure through the completion of the study, with only slight 
variations present after this time.  Due to this fact, lighter staining colorations are more 
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associated with a PMI of less than three months after skeletonization, while darker shades 
of these colorations are more associated with a PMI of more than three months after 
skeletonization.  The sporadic staining and the large range of colorations associated with 
the bones deposited in the various plant matter made PMI estimation problematic without 
further exposure. 
 Identification of the plant matter/species that contributed to the staining present 
on the bone surface was possible with many of the bones in the present sample due to the 
characteristic pattern or coloration left on the bone surface.  Of the bones deposited in the 
various plant matter types (Sample 2), those exposed to acorns exhibited the most distinct 
staining pattern and coloration.  Of the bones deposited with various wood species in 
plastic containers (Sample 3), five exhibited the most characteristic colorations that 
would allow identification of the wood type, while the others exhibited a brown 
coloration.  This brown coloration, however, often varied slightly, which allows for an 
approximate wood species estimation or a potential to narrow the possible matches to just 
a couple species.  The bones buried in wooden boxes (Sample 1) were the most 
problematic, because the staining was similar on all the bone surfaces, with only slight 
variations present.  The only distinction that can be made is that four species tended to 
exhibit darker colorations along the bone surfaces when compared to the rest of the set. 
 The results of the present study have both forensic and archaeological 
applications, when the differentiation between various types of organic staining allows 
for a reconstruction of the environment of deposition.  Identification of wood staining can 
indicate that the remains recovered or brought for analysis were those of cemetery or 
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historical significance and would not be relevant to a forensic investigation.  The 
presence of wood staining on the skeletal material would indicate previous burial within a 
wooden burial container or coffin, which is most consistent with cemetery burials.  In this 
instance, the identification of the individual would not be of forensic interest due to the 
historical significance.  In contrast, remains with soil staining and/or organic staining 
from other plant materials suggest that they are more likely to be of forensic significance.  
Soil staining can indicate postmortem deposition of a body as a way of disposal due to 
the lacking of a burial container.  Organic staining from exposure to plant matter can 
indicate surface deposition (Pokines 2016), in which disposal was determined based on 
ease or due to lack of time.  Confusion may occur with differentiating soil staining as a 
result of disposal without a burial container versus soil staining from the complete 
deterioration of the coffin wood that would expose the remains to the surrounding 
sediment.  In the latter case, other taphonomic alterations would potentially be present to 
help determine forensic or historical significance, such as the presence of coffin wear on 
bone, preserved coffin hardware, or associated bone staining from the hardware 
(Nawrocki 1995; Pokines and Baker 2014; Pokines et al. 2016; Schultz et al. 2003; 
Stottman and Pollack 2005).  
 The present study contradicts the Jaggers and Rogers (2009) study in which they 
concluded that at least five months post-skeletonization is needed for morphological bone 
changes, specifically with color, texture, or condition, to occur.  Staining manifested on 
the buried sample in the present study by two months deposition.  The temporal period in 
which these studies began differed, which may suggest that weather and temperature 
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have a possible effect on bone staining and other macroscopic changes.  Another 
important factor is that Jaggers and Rogers (2009) utilized partially defleshed elements, 
while the present study utilized completely skeletonized and cleaned elements.  This may 
explain the differences in the rate of staining on the skeletal elements between the 
studies. 
The conclusions of Sauerwein (2011) on organic staining from contact with plant 
materials also differ from the color staining that appears on the bones deposited on the 
ground surface in the present study.  Sauerwein noted dark staining on the defleshed 
bones that were contacted by leaves, grass, and peat moss after four months of exposure.  
The surface-deposited bones in the present study only displayed patches of dark staining 
on those exposed to acorns, while paler colorations were mainly expressed on the others.  
No distinct patterns of leaf or needle impressions manifested in the staining on the bone 
surfaces in the present sample, which also contrasted the study conducted by Sauerwein 
(2011).  This difference is possibly due to the bones in the present study being disturbed 
monthly for color staining classification, while her study had the bones deposited in the 
plant matter for four months without monthly disturbance.  Regarding the colorations 
expressed within the staining, the method utilized by Sauerwein (2011) only allowed the 
analysis of color with three scales, L (light-dark), a (red-green), and b (yellow-blue), 
while the staining documented in the present study displayed a larger range of colors that 
would not be captured with the Miniscan XE Plus color scanner.  For example, 
Sauerwein (2011) stated that the soil staining was expressed as dark, red, and slightly 
yellow, while the colorations displayed on the buried bones (Sample 4) within the present 
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study tended to range from pale brown to dark brown to dark gray.  She also stated that 
the leaf staining was expressed as dark, red, and yellow, while those exposed to plant 
matter (Sample 2) in the present study tended to exhibit various brown and gray 
colorations. 
Sauerwein (2011) also attempted to answer questions regarding PMI of the bones 
within her sample, and she noted that staining could occur as early as two weeks after 
deposition.  It is not known how this compares to the present study, as the first interval of 
data collection occurred after two months post-deposition.  Sauerwein (2011) concluded 
that the analysis of color staining was not a useful method for estimating PMI after two 
weeks.  The results of the present study indicate there is potential for organic staining to 
aid in PMI estimation due to the darkening in staining colorations over time, but more 
research in this area is necessary. 
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CHAPTER 6:  CONCLUSIONS 
 
 A determination of the depositional environment of remains is an important 
component of context within forensic anthropological cases (Dupras et al. 2012; Haglund 
and Sorg 1997a, 1997b; Nawrocki 2009; Ubelaker 1997).  Determining significant 
environmental factors and various organic materials that contacted the bone surface 
allows a narrowing of the possible depositional environments and decreases the possible 
search areas.  Identification of the organic materials can indicate deposition in a wet 
versus dry environment or can eliminate deposition sites if the plant species is unlikely to 
grow in that area (Hall 1997).  Understanding and identifying these taphonomic 
alterations would aid in forensic cases as well as archaeological excavations.  In a 
forensic context, identification of the depositional environment can allow an 
understanding of the events during the death sequence.  In an archaeological context, 
identification of the wood species utilized to construct the burial container can allow 
understanding of economic activities or mortuary practices of a society.  Further research 
of organic staining on bone can address questions regarding the PMI and the environment 
of deposition when the previous depositional context of the remains is unknown. 
 The purpose of the present research was to analyze organic staining on bone and 
determine its utility in PMI estimation and environmental reconstruction through species 
identification.  An aspect associated with environmental reconstruction is determining the 
significance of a set of remains.  It was hypothesized that the degree of staining would 
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increase as the length of exposure time increased and that the different plant matter types 
would leave different degrees and/or colorations of staining. 
 A qualitative analysis utilizing the Munsell Soil Color Chart revealed that 
differences in staining patterns were present between the experimental environments; 
surface deposition, burial, and deposition in a wooden box. The staining on the bones 
deposited on the ground surface surrounded by plant matter (Sample 2) was the most 
sporadic, with lighter colorations remaining visible through the completion of the study.  
The bones deposited in the wooden boxes (Sample 1 and Sample 3) displayed the most 
uniform staining, in which few colors were expressed across the entire bone surface, with 
minor colors presented along the margins or as spots across the diaphysis.  The bones 
buried in direct contact with the soil (Sample 4) exhibited a staining pattern intermediate 
to the other samples.  The staining was more diffuse across the bone surface but lacked 
uniformity due to a large range of colorations being expressed on a single bone surface.  
This variation in the staining pattern was a significant factor in analyzing the ability for 
environmental reconstructions based on staining. 
 The variation in the staining colorations expressed within and between the 
samples was a significant factor in species identification of the plant material and PMI 
estimation.  The bones in the plastic containers (Sample 3) possessed the highest potential 
for species identification due to the greater range in colorations across the entire sample.  
Those buried in wooden boxes (Sample 1) and those deposited with plant matter (Sample 
2) were more problematic, but slight variations were present to allow some distinctions or 
narrowing down of potential plant species. 
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The results presented in this study indicate that organic staining can manifest on 
bone in a relatively short time.  All of the bone samples expressed staining from the 
various plant materials after at least two months post-deposition, which contradicts the 
more than five months after skeletonization indicated by Jaggers and Rogers (2009).  
However, a longer duration of study utilizing fleshed bone is needed to understand the 
effects that soft tissue can have on the timing and pattern or coloration of organic 
staining.  Based on the present study, the residual blood surface staining present on bones 
within the buried wooden box sample (Sample 1) at the initiation of the study did not 
appear to have any effect on the organic staining. 
The present study provides taphonomic research on an aspect of organic staining 
that is currently lacking in the field.  Previous research has analyzed bleaching as a result 
of exposure to sunlight or submersion in marine environments (Beary 2005; Buikstra and 
Ubelaker 1994; Nawrocki 2009; Pokines 2015, 2016; Pokines and Higgs 2015) as well as 
soil staining due to burial or contact with sediment (Huculak and Rogers 2009; Junod 
2013; Nawrocki 2009; Owsley et al. 2014; Pokines 2016; Sauerwein 2011).  Plant roots 
have been noted to leave etching on bone surfaces, which can cause discoloration in the 
resulting grooves (Behrensmeyer 1978; Buikstra and Ubelaker 1994; Byers 2011; Courty 
et al. 1989; Dupras and Schultz 2014; Dupras et al. 2012; Hall 1997; Nawrocki 2009; 
Pokines 2016; Schultz 1997; Schultz et al. 2003; Ubelaker 1997; White et al. 2012) and 
other biological species, such as algae or fungi have been documented to leave staining 
on the bone surface once removed (Dupras and Schultz 2014; Evans 2014; Huculak and 
Rogers 2009; Junod 2013; Nawrocki et al. 1997; Norris and Owsley 2014; Owsley et al. 
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2014; Pokines and Higgs 2015).  Surface exposure to artificial materials, such as copper 
or iron, can leave traces of mineral staining on localized bone surfaces that were 
contacted (Dupras and Schultz 2014).  Color changes on the bone surfaces can also be the 
result of thermal exposure, which may cause black colorations from carbonization or 
white colorations from calcination (Buikstra and Ubelaker 1994; Byers 2011; Correia 
1997; Schultz 1997; Symes et al. 2008).  The present study confirms that tannins from 
wood and plant leaves are another taphonomic agent that can cause staining to manifest 
on a bone surface.   
Organic staining is just one, and is often the least destructive, way that 
taphonomic agents can influence a set of remains.  Taphonomic research is necessary in 
order to better understand the effects that environmental agents and human behavior can 
have on bone and the manifestations these agents can create.  Although this research is 
necessary, there are issues within the field that can result in limited taphonomic studies.  
These issues involve the smaller sample sizes or increased regulations with research on 
human remains and the longer time frames necessary to complete this type of research.  
Nonhuman analogs are often utilized in place of human remains in taphonomic research 
to help combat these issues.  Pigs are often the most common analog utilized in research, 
due to the similarities of adult body mass, skin thickness, and hair covering (Pokines 
2014).  These analogs also allow bones to be studied, where human bones often get 
contributed to skeletal collections, against various destructive taphonomic forces.  These 
forces can include animal scavenging, dispersal, subaerial weathering, soil corrosion, and 
thermal alteration.  Taphonomic research allows the identification of the environmental 
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or natural agents that modified the bones or remains so these alterations can be identified 
as taphonomic in a forensic case and not be confused with trauma or pathological lesions. 
 
Future Research 
Future research is also necessary to increase the understanding of variations of 
organic staining and the effects on osseous material.  The present study focused on 
organic staining upon previously skeletonized/defleshed bone.  Additional research 
should be conducted utilizing fleshed bones to determine length of time necessary for 
staining to manifest on bone after the partial or complete decomposition of soft tissues.  
Using fleshed bone can also allow determination of how greater blood surface staining 
affects organic staining and the color expressed by various organic materials.  Samples 
with partial soft tissue adherence can allow for analysis of organic staining on 
skeletonized areas versus areas of soft tissue attachment on the same bone.   
Research is also necessary to understand how organic staining can change over 
longer periods of time, specifically in instances where the burial container completely 
deteriorates.  When a wooden burial container deteriorates, the skeletal remains are 
directly exposed to the soil environment, which can introduce soil staining.  How the 
plant material staining changes due to the introduction of the soil staining has not been 
previously researched and has archaeological applications.  The present study is one of 
the limited previous qualitative research on organic staining from various wood species, 
from which quantitative methods, such as color scanners, can be utilized in future 
research.
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APPENDIX A: MUNSELL NOTATIONS FOR STAINING 
A.1. Organic staining from buried wooden boxes, Sample 1. 
 
Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Wooden Buried 
Boxes 
Yellow Pine 1 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 (2.5Y 7/4) pale brown 
(5YR 4/3) reddish 
brown 
    3 
(10YR 5/6) yellowish brown 
(10YR 5/4) yellowish brown 
(5YR 3/3) dark reddish 
brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(5YR 3/2) dark reddish 
brown 
    5 
(10YR 3/4) dark yellowish 
brown  
(10YR 3/3) dark brown 
(2.5YR 2.5/2) very 
dusky red 
    6 
(10YR 3/3) dark brown  
(10YR 3/2) very dark grayish 
brown 
Not visible 
    7 
(10YR 3/3) dark brown 
margin: (10YR 3/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 4/3) brown 
(10YR 3/3) dark brown 
margin: (10YR 3/6) dark 
yellowish brown & (10YR 4/6) 
dark yellowish brown 
Not visible 
    9 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
margin: (10YR 3/6) dark 
yellowish brown & (10YR 4/6) 
dark yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Yellow Pine 2 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 7/4) very pale brown 
(10YR 6/4) light yellowish 
brown 
(5YR 5/4) reddish 
brown 
(5YR 4/3) reddish 
brown 
    3 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(5YR 3/2) dark reddish 
brown 
    4 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/4) dark yellowish 
brown 
(7.5YR 2.5/2) very dark 
brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 4/3) brown 
(10YR 3/4) dark yellowish 
brown 
(2.5YR 2.5/2) very 
dusky red 
    6 
(7.5YR 3/3) dark brown 
(10YR 6/1) gray 
(10YR 4/3) brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    7 
(10YR 4/3) brown 
(10YR 6/1) gray 
(7.5YR 3/3) dark brown 
(7.5YR 3/1) very dark gray 
Not visible 
    8 
(10YR 4/3) brown 
(7.5YR 3/3) dark brown 
(10YR 3/1) very dark gray 
Not visible 
    9 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(7.5YR 3/3) dark brown 
(7.5YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Yellow Pine 3 0 (2.5Y 8/3) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 7/4) very pale brown 
(10YR 6/4) light yellowish 
brown 
(5YR 5/4) reddish 
brown 
    3 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(7.5YR 4/3) brown 
    4 
(10YR 4/6) dark yellowish 
brown 
(10YR 4/3) brown 
(10YR 4/3) brown 
    5 
(10YR 3/4) dark yellowish 
brown 
(10YR 4/3) brown 
Not visible 
    6 
(10YR 6/1) gray 
(10YR 4/3) brown 
(10YR 2/1) black 
(7.5YR 3/4) dark brown 
Not visible 
    7 
(10YR 5/3) brown 
(10YR 6/1) gray 
(7.5YR 3/2) dark brown 
(10YR 4/2) dark grayish brown 
margin: (7.5YR 4/4) brown & 
(7.5YR 3/4) dark brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    8 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
margin: (7.5YR 4/6) strong 
brown & (7.5YR 4/4) brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
margin: (7.5YR 4/4) brown & 
(7.5YR 4/6) strong brown 
Not visible 
Wooden Buried 
Boxes 
Yellow Pine 4 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 (10YR 7/4) very pale brown 
(5YR 4/4) reddish 
brown 
    3 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(5YR 3/2) dark reddish 
brown 
    4 
S1 (10YR 4/4) dark yellowish 
brown 
(10YR 4/3) brown 
(5YR 3/2) dark reddish 
brown 
    5 
(10YR 4/4) dark yellowish 
brown 
(10YR 4/3) brown 
(5YR 3/2) dark reddish 
brown 
    6 
(10YR 5/1) gray 
(10YR 4/3) brown 
(10YR 5/2) grayish brown 
(7.5YR 4/4) brown 
(5YR 3/2) dark reddish 
brown 
    7 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/2) grayish brown 
(7.5YR 4/4) brown 
Not visible 
    8 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/2) grayish brown 
margin: (7.5YR 4/4) brown 
Not visible 
    9 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/2) grayish brown 
margin: (7.5YR 4/4) brown 
Not visible 
Wooden Buried 
Boxes 
Hickory 5 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
(7.5YR 4/4) brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 (10YR 5/4) yellowish brown (7.5YR 4/3) brown 
    4 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(5YR 3/2) dark reddish 
brown 
    5 
(10YR 4/3) brown 
(10YR 4/6) dark yellowish 
brown 
(10YR 3/3) dark brown 
(5YR 3/2) dark reddish 
brown 
    6 
(10YR 2/2) very dark brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(7.5YR 2.5/3) very dark 
brown 
    7 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(7.5YR 3/1) very dark gray 
margin: (7.5YR 3/4) dark 
brown 
Not visible 
    9 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
(10YR 4/3) brown 
margin: (7.5YR 3/4) dark 
brown 
Not visible 
Wooden Buried 
Boxes 
Hickory 6 0 (2.5Y 8/2) pale brown 
(5YR 6/3) light reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
Not visible 
    3 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
Not visible 
    4 
(10YR 4/3) brown 
(10YR 4/6) dark yellowish 
brown 
Not visible 
    5 
(10YR 3/3) dark brown 
(10YR 3/6) dark yellowish 
brown 
(10YR 4/3) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 5/2) grayish brown 
(10YR 3/6) dark yellowish 
brown 
(10YR 4/3) brown 
Not visible 
    7 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
margin: (10YR 3/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
(7.5YR 4/6) strong brown  
Not visible 
    9 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
(10YR 5/3) brown 
margin: (7.5YR 4/6) strong 
brown  
Not visible 
Wooden Buried 
Boxes 
Hickory 7 0 (2.5Y 8/1) white 
(5YR 5/4) reddish 
brown 
    2 
(10YR 5/4) yellowish brown 
(10YR 7/4) very pale brown 
(10YR 5/4) yellowish 
brown 
(7.5YR 5/4) brown 
    3 
(10YR 4/3) brown 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
(5YR 4/3) reddish 
brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(10YR 4/3) brown 
(7.5YR 3/2) dark brown 
(10YR 3/3) dark brown 
    5 
(10YR 4/3) brown 
(10YR 3/6) dark yellowish 
brown 
Not visible 
    6 
(10YR 4/3) brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/6) dark yellowish 
brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 4/1) dark gray 
margin: (10YR 3/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
margin: (7.5YR 3/4) dark 
brown & (7.5YR 4/4) brown  
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/4) yellowish brown 
(7.5YR 3/4) dark brown 
margin: (7.5YR 4/4) brown 
Not visible 
Wooden Buried 
Boxes 
Hickory 8 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
(5YR 4/3) reddish 
brown 
    3 
(10YR 5/4) yellowish brown 
(10YR 7/4) very pale brown 
(5YR 3/2) dark reddish 
brown 
    4 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(5YR 3/2) dark reddish 
brown 
    5 
(10YR 4/3) brown 
(10YR 4/6) dark yellowish 
brown 
(5YR 3/2) dark reddish 
brown 
    6 
(10YR 4/2) dark grayish brown 
(7.5YR 3/2) dark brown 
Not visible 
    7 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
(7.5YR 3/2) dark brown 
Not visible 
    8 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
(10YR 3/1) very dark gray 
margin: (7.5YR 4/4) brown & 
(7.5YR 3/4) dark brown 
Not visible 
Wooden Buried 
Boxes 
Poplar 9 0 (2.5Y 8/2) pale brown 
(5YR 5/4) reddish 
brown 
    2 (10YR 7/4) very pale brown (7.5YR 5/4) brown 
    3 
(10YR 5/4) yellowish brown 
(10YR 6/4) light yellowish 
brown 
(7.5YR 4/3) brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(10YR 4/3) brown 
(10YR 3/2) very dark 
grayish brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 4/3) brown 
(10YR 4/6) dark yellowish 
brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 3/4) dark yellowish 
brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 4/1) dark gray 
(10YR 4/3) brown 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/3) brown 
(10YR 3/1) very dark gray 
(10YR 4/3) brown 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Poplar 10 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 (10YR 7/4) very pale brown (7.5YR 4/3) brown 
    3 (10YR 5/4) yellowish brown (7.5YR 4/2) brown 
    4 (10YR 4/3) brown (7.5YR 3/2) dark brown 
    5 
(10YR 4/3) brown 
(10YR 3/2) very dark grayish 
brown 
(7.5YR 3/2) dark brown 
    6 
(10YR 4/3) brown 
(7.5YR 3/2) dark brown 
(10YR 3/1) very dark gray 
Not visible 
    7 
(10YR 4/3) brown 
(10YR 5/3) brown 
(7.5YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 5/3) brown 
(10YR 3/1) very dark gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    9 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/2) grayish brown 
Not visible 
Wooden Buried 
Boxes 
Poplar 11 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
(5YR 4/3) reddish 
brown 
    3 
(10YR 5/4) yellowish brown 
(10YR 6/4) light yellowish 
brown 
(5YR 4/3) reddish 
brown 
    4 
(10YR 3/4) dark yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark 
gray 
    5 
(10YR 3/3) dark brown  
(7.5YR 3/2) dark brown 
(10YR 4/6) dark yellowish 
brown 
(10YR 3/1) very dark 
gray 
    6 
(10YR 4/3) brown 
(10YR 3/6) dark yellowish 
brown 
(10YR 4/6) dark yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(7.5YR 3/1) very dark 
gray 
    7 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 4/6) dark yellowish 
brown 
Not visible 
    8 
(10YR 5/3) brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/6) yellowish brown 
(10YR 4/6) dark yellowish 
brown 
Not visible 
    9 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/3) brown 
margin: (10YR 5/6) yellowish 
brown & (10YR 4/6) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Poplar 12 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
(7.5YR 5/4) brown 
    3 
(10YR 5/4) yellowish brown 
(10YR 7/4) very pale brown 
(7.5YR 4/3) brown 
    4 
(10YR 3/3) dark brown 
(10YR 4/3) brown 
(7.5YR 3/2) dark brown 
    5 (10YR 3/3) dark brown (7.5YR 3/2) dark brown 
    6 
(10YR 3/3) dark brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
    7 
(10YR 5/2) grayish brown 
(10YR 4/1) dark gray 
(10YR 5/3) brown 
margin: (10YR 5/6) yellowish 
brown 
Not visible 
    8 
(10YR 5/2) grayish brown 
(10YR 3/1) very dark gray 
(10YR 5/3) brown 
margin: (10YR 5/6) yellowish 
brown 
Not visible 
    9 
(10YR 5/2) grayish brown 
(10YR 3/1) very dark gray 
(10YR 4/3) brown 
(10YR 5/3) brown 
margin: (10YR 5/6) yellowish 
brown 
Not visible 
Wooden Buried 
Boxes 
Walnut 13 0 (2.5Y 8/2) pale brown 
(5YR 6/3) light reddish 
brown 
    2 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    3 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
    4 
(10YR 2/1) black 
(7.5YR 3/1) very dark gray 
Not visible 
    5 
(2.5Y 2.5/1) black 
(10YR 3/1) very dark gray 
Not visible 
    6 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
Not visible 
    7 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
(10YR 3/1) very dark gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    8 
(10YR 2/1) black 
(7.5YR 3/1) very dark gray 
(10YR 2/2) very dark brown 
Not visible 
    9 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 4/2) dark grayish brown 
Not visible 
Wooden Buried 
Boxes 
Walnut 14 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    3 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    5 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    6 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
Not visible 
    7 
(10YR 2/2) very dark brown 
(10YR 2/1) black 
(10YR 4/1) dark gray 
Not visible 
    8 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 2/2)very dark brown 
Not visible 
    9 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
(10YR 4/2) dark grayish brown 
Not visible 
Wooden Buried 
Boxes 
Walnut 15 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
Not visible 
    3 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    5 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    6 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    7 
(10YR 2/2) very dark brown 
(10YR 2/1) black 
(7.5YR 3/3) dark brown 
Not visible 
    8 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
margin: (10YR 3/3) dark brown 
Not visible 
    9 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
Not visible 
Wooden Buried 
Boxes 
Walnut 16 0 (2.5Y 8/1) white 
(5YR 6/3) light reddish 
brown 
    2 
(10YR 5/3) brown 
(10YR 4/2) dark grayish brown 
Not visible 
    3 
(10YR 4/3) brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
Not visible 
    4 
(10YR 3/3) dark brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    5 
(10YR 3/1) very dark gray 
(7.5YR 2.5/2) very dark brown 
(10YR 2/1) black 
Not visible 
    6 
(10YR 2/2) very dark brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    7 
(7.5YR 2.5/2) very dark brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 4/1) dark gray 
Not visible 
    8 
(10YR 3/1) very dark gray 
(7.5YR 2.5/3) very dark brown 
(10YR 2/1) black 
Not visible 
    9 
(10YR 3/1) very dark gray 
(7.5YR 2.5/3) very dark brown 
(10YR 2/1) black 
Not visible 
Wooden Buried 
Boxes 
Mahogany 17 0 (2.5Y 8/2) pale brown 
(5YR 3/3) dark reddish 
brown 
    2 
(10YR 7/3) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 4/3) brown 
    3 (10YR 5/4) yellowish brown (10YR 4/3) brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    4 (10YR 4/3) brown 
(10YR 3/2) very dark 
grayish brown 
    5 
(10YR 4/3) brown 
(10YR 3/3) dark brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 4/3) brown 
(10YR 3/2 )very dark grayish 
brown 
Not visible 
    7 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
    8 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
Not visible 
    9 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Mahogany 18 0 (2.5Y 8/2) pale brown 
(5YR 5/3) reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(5YR 5/3) reddish 
brown 
    3 (10YR 5/4) yellowish brown 
(5YR 4/3) reddish 
brown 
    4 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/3) dark brown 
    5 
(10YR 4/3) brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/4) dark yellowish 
brown 
Not visible 
    7 
(10YR 4/3) brown 
(10YR 5/2) grayish brown 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 5/2) grayish brown 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 4/6) dark yellowish 
brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Wooden Buried 
Boxes 
Mahogany 19 0 (2.5Y 8/2) pale brown 
(2.5YR 3/4) dark 
reddish brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(7.5YR 4/3) brown 
    3 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
(7.5YR 4/2) brown 
    4 
(10YR 4/3) brown 
(10YR 3/3) dark brown 
(10YR 2/2) very dark 
brown 
    5 
(10YR 4/3) brown 
(10YR 3/3) dark brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/3) dark brown 
Not visible 
    7 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
margin: (10YR 4/6) dark 
yellowish brown & (7.5YR 3/4) 
dark brown 
Not visible 
    9 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
margin: (10YR 4/6) dark 
yellowish brown & (10YR 4/4) 
dark yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Mahogany 20 0 (2.5Y 8/2) pale brown 
(2.5YR 5/4) reddish 
brown 
    2 
(10YR 5/4) yellowish brown 
(10YR 6/4) light yellowish 
brown 
(7.5YR 4/3) brown 
    3 
(10YR 4/3) brown 
(10YR 5/4) yellowish brown 
(7.5YR 3/2) dark brown 
    4 
(10YR 3/3) dark brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 2/2) very dark 
brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 2/1) black 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 3/3) dark brown 
(10YR 3/4) dark yellowish 
brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/6) dark yellowish 
brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayih 
brown 
margin: (10YR 3/6) dark 
yellowish brown & (10YR 4/6) 
dark yellowish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 3/1) very dark gray 
(10YR 4/3) brown 
margin: (10YR 4/6) dark 
yellowish brown & (10YR 3/6) 
dark yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Cedar 21 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 5/4) yellowish brown 
(10YR 6/3) pale brown 
(7.5YR 4/3) brown 
    3 
(10YR 4/3) brown 
(10YR 5/4) yellowish brown 
(5YR 3/2) dark reddish 
brown 
    4 
(10YR 3/3) dark brown 
(10YR 4/2) dark grayish brown 
(5YR 3/1) very dark 
gray 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 3/1) very dark 
gray 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
 104 
Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    7 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
(7.5YR 3/4) dark brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 5/1) gray 
(7.5YR 3/2) dark brown 
Not visible 
Wooden Buried 
Boxes 
Cedar 22 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 5/3) brown 
(10YR 6/4) light yellowish 
brown 
(10YR 5/3) brown 
    3 
(10YR 3/1) very dark gray 
(10YR 4/3) brown 
(10YR 4/3) brown 
    4 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/2) very dark 
grayish brown 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 4/2) dark grayish brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
margin: (7.5YR 3/3) dark 
brown & (10YR 4/6) dark 
yellowish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    9 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
margin: (7.5YR 3/3) dark 
brown & (10YR 4/4) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Cedar 23 0 (2.5Y 8/2) pale brown 
(2.5YR 5/4) reddish 
brown 
    2 
(10YR 6/3) pale brown 
(10YR 5/4) yellowish brown 
Not visible 
    3 (10YR 4/3) brown Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
    5 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    7 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
(10YR 2/1) black  
Not visible 
    8 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
margin: (7.5YR 3/2) dark 
brown & (10YR 4/6) dark 
yellowish brown 
Not visible 
    9 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
margin: (10YR 4/4) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Cedar 24 0 (2.5Y 8/2) pale brown 
(2.5YR 4/4) reddish 
brown 
    2 
(10YR 7/3) very pale brown 
(10YR 5/4) yellowish brown 
Not visible 
    3 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    4 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
Not visible 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(7.5YR 4/3) brown 
Not visible 
Wooden Buried 
Boxes 
Oak 25 0 (2.5Y 8/3) pale brown 
(2.5YR 6/3) light 
reddish brown 
    2 
(10YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
    3 
(10YR 2/1) black 
(10YR 4/2) dark grayish brown 
Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 2/2) very dark brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    5 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
(10YR 3/3) dark brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    6 
(10YR 2/1) black 
(10YR 2/2) very dark brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    7 
(10YR 2/1) black 
(7.5YR 2.5/2) very dark brown 
(10YR 3/3) dark brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/1) gray 
Not visible 
    8 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(7.5YR 2.5/2) very dark brown 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    9 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
Not visible 
Wooden Buried 
Boxes 
Oak 26 0 (2.5Y 8/2) pale brown 
(2.5YR 5/3) reddish 
brown 
    2 
(7.5YR 4/1) dark gray 
(7.5YR 2.5/1) black 
Not visible 
    3 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
    7 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    9 
(10YR 4/2) dark grayish brown 
(7.5YR 3/2) dark brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Oak 27 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    3 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
Not visible 
    4 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    7 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
Not visible 
    8 
(10YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 4/1) dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Oak 28 0 (2.5Y 8/2) pale brown 
(2.5YR 5/4) reddish 
brown 
    2 (10YR 4/1) dark gray Not visible 
    3 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/3) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    4 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 4/3) brown 
Not visible 
    5 
(10YR 2/1) black 
(10YR 3/3) dark brown 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
(10YR 2/2) very dark brown 
Not visible 
    7 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 3/3) dark brown 
(10YR 4/1) dark gray  
Not visible 
    8 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 3/3) dark brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
(10YR 3/3) dark brown 
(10YR 4/4) dark yellowish 
brown 
Not visible 
Wooden Buried 
Boxes 
Spruce 29 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 6/6) brownish yellow 
(10YR 7/4) very pale brown 
(7.5YR 5/4) brown 
    3 
(10YR 5/6) yellowish brown 
(10YR 5/4) yellowish brown 
(5YR 3/3) dark reddish 
brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 3/3) dark brown 
    5 
(10YR 4/3) brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 3/3) dark brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/3) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    7 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
    8 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Spruce 30 0 (2.5Y 8/2) pale brown 
(2.5YR 5/3) reddish 
brown 
    2 
(10YR 7/4) very pale brown 
(10YR 7/6) yellow 
(5YR 5/4) reddish 
brown 
    3 
(10YR 5/6) yellowish brown (5YR 4/4) reddish 
brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/4) dark yellowish 
brown 
(5YR 3/3) dark reddish 
brown 
    5 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/2) grayish brown 
(5YR 3/3) dark reddish 
brown 
    6 
(10YR 4/3) brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 4/2) dark grayish brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(10YR 4/1) dark gray 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(10YR 4/1) dark gray 
margin: (10YR 4/6) dark 
yellowish brown & (10YR 5/6) 
yellowish brown 
Not visible 
    9 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 4/1) dark gray 
margin: (10YR 5/6) yellowish 
brown & (10YR 4/4) dark 
yellowish brown 
Not visible 
 111 
Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Wooden Buried 
Boxes 
Spruce 31 0 (2.5Y 8/2) pale brown 
(2.5YR 5/3) reddish 
brown 
    2 (10YR 7/4) very pale brown 
(5YR 6/3) light reddish 
brown 
    3 (10YR 5/6) yellowish brown 
(5YR 5/3) reddish 
brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/3) dark brown 
(5YR 3/3) dark reddish 
brown 
    5 
(10YR 4/3) brown 
(10YR 4/6) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 4/6) dark yellowish 
brown 
Not visible 
    7 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
margin: (10YR 4/6) dark 
yellowish brown 
(10YR 3/1) very dark gray 
Not visible 
    8 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
margin: (10YR 4/6) dark 
yellowish brown  
Not visible 
    9 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Spruce 32 0 (2.5Y 8/2) pale brown 
(2.5YR 5/3) reddish 
brown 
    2 (10YR 7/6) yellow 
(7.5YR 6/4) light 
brown 
    3 (10YR 5/6) yellowish brown 
(10YR 4/4) dark 
yellowish brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(5YR 3/3) dark reddish 
brown 
    5 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(5YR 3/2) dark reddish 
brown 
    6 
(10YR 3/3) dark brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    7 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 3/3) dark brown 
Not visible 
    8 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
Not visible 
    9 
(10YR 4/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
Not visible 
Wooden Buried 
Boxes 
Cherry 33 0 (2.5Y 8/2) pale brown 
(2.5YR 5/3) reddish 
brown 
    2 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
Not visible 
    3 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    4 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    5 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
(10YR 2/1) black 
Not visible 
    7 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/2) very dark brown 
margin: (10YR 3/3) dark brown 
Not visible 
    8 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
margin: (10YR 3/3) dark brown 
& (10YR 4/6) dark yellowish 
brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
(10YR 3/2) very dark grayish 
brown 
margin: (10YR 3/3) dark brown 
& (10YR 4/6) dark yellowish 
brown 
Not visible 
Wooden Buried 
Boxes 
Cherry 34 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 4/1) dark gray 
(10YR 5/1) gray 
(2.5YR 4/3) reddish 
brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 
(10YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
(5YR 3/1) very dark 
gray 
    4 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
(10YR 3/2) very dark grayish 
brown 
(7.5YR 3/1) very dark 
gray 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 3/3) dark brown 
(7.5YR 3/1) very dark 
gray 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
(10YR 3/3) dark brown 
Not visible 
    7 
(10YR 2/2) very dark brown 
(10YR 2/1) black 
(10YR 3/3) dark brown 
(10YR 5/1) gray 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 5/1) gray 
(10YR 2/1) black 
(10YR 3/4) dark yellowish 
brown 
Not visible 
    9 
(10YR 5/1) gray 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
margin: (10YR 3/4) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Cherry 35 0 (2.5Y 8/2) pale brown 
(2.5YR 6/3) light 
reddish brown 
    2 
(10YR 3/1) very dark gray 
(2.5Y 6/2) light brownish gray 
(10YR 4/1) dark gray 
    3 
(10YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
(2.5Y 5/3) light olive brown 
Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/4) dark yellowish 
brown 
Not visible 
    6 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/4) dark yellowish 
brown 
Not visible 
    7 
(10YR 5/1) gray 
(10YR 2/1) black 
(10YR 3/6) dark yellowish 
brown 
(10YR 3/4) dark yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    8 
(10YR 5/1) gray 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
margin: (10YR 3/6) dark 
yellowish brown & (10YR 4/6) 
dark yellowish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
margin: (10YR 5/6) yellowish 
brown & (10YR 3/4) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Cherry 36 0 (2.5Y 8/3) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 6/2) light brownish gray 
(10YR 2/1) black 
Not visible 
    3 
(2.5Y 2.5/1) black 
(2.5Y 4/2) dark grayish brown 
Not visible 
    4 
(10YR 2/1) black 
(2.5Y 3/2) very dark grayish 
brown 
Not visible 
    5 
(10YR 4/2) dark grayish brown 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    6 
(10YR 5/1) gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    7 
(10YR 5/1) gray 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
(10YR 4/3) brown 
Not visible 
    8 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
margin: (10YR 3/6) dark 
yellowish brown & (10YR 4/6) 
dark yellowish brown 
Not visible 
    9 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 2/1) black 
margin: (10YR 3/4) dark 
yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Soft maple 37 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 6/3) pale brown 
(7.5YR 4/3) brown 
    3 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
(10YR 4/3) brown 
    4 
(10YR 3/3) dark brown 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    5 (10YR 3/3) dark brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
(10YR 4/2) dark grayish brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 3/1) very dark gray 
(10YR 3/3) dark brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
 116 
Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    9 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 4/3) brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
Wooden Buried 
Boxes 
Soft maple 38 0 (2.5Y 8/2) pale brown 
(2.5YR 5/4) reddish 
brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/3) very pale brown 
(7.5YR 4/2) brown 
    3 
(10YR 4/3) brown 
(10YR 5/3) brown 
(5YR 3/2) dark reddish 
brown 
    4 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
(5YR 3/1) very dark 
gray 
    5 
(10YR 3/3) dark brown 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark 
gray 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(7.5YR 3/2) dark brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 6/2) light brownish gray 
Not visible 
Wooden Buried 
Boxes 
Soft maple 39 0 (2.5Y 8/2) pale brown 
(2.5YR 4/3) reddish 
brown 
    2 
(10YR 6/3) pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 5/3) brown 
    3 
(10YR 4/3) brown 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
    4 
(10YR 3/3) dark brown 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    5 
(10YR 4/2) dark grayish brown 
(10YR 3/3) dark brown 
(10YR 4/3) brown 
(10YR 3/2) very dark 
grayish brown 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
(10YR 3/3) dark brown 
margin: (10YR 4/6) dark 
yellowish brown 
Not visible 
    8 
(10YR 4/2) dark grayish brown 
margin: (10YR 4/6) dark 
yellowish brown & (10YR 3/6) 
dark yellowish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/2) grayish brown 
(10YR 3/1) very dark gray 
margin: (10YR 4/4) dark 
yellowish brown & (10YR 4/6) 
dark yellowish brown 
Not visible 
Wooden Buried 
Boxes 
Soft maple 40 0 (2.5Y 8/2) pale brown 
(2.5YR 6/3) light 
reddish brown 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 5/3) brown 
    3 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/4) yellowish brown 
(7.5YR 3/2) dark brown 
    4 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/3) dark brown 
(7.5YR 2.5/2) very dark 
brown 
    5 
(10YR 3/3) dark brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
    6 
(10YR 5/2) grayish brown 
(10YR 5/1) gray 
(10YR 3/3) dark brown 
(10YR 4/4) dark yellowish 
brown 
Not visible 
    7 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
(10YR 3/3) dark brown 
margin: (10YR 4/6) dark 
yellowish brown & (10YR 3/6) 
dark yellowish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months 
of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    8 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
margin: (10YR 4/6) dark 
yellowish brown & (10YR 3/6) 
dark yellowish brown 
Not visible 
    9 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
margin: (10YR 4/6) dark 
yellowish brown &(10YR 3/6) 
dark yellowish brown 
Not visible 
 
 
 
 
A.2. Organic staining from plant matter types, Sample 2. 
 
Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plant matter 
Acorns 1 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 6/3) pale brown 
(10YR 8/1) white 
(7.5YR 2.5/3) very dark brown 
(10YR 7/2) light gray 
(10YR 5/2) grayish 
brown 
    3 
(7.5YR 3/1) very dark gray 
(10YR 6/3) pale brown 
(7.5YR 2.5/3) very dark brown 
(10YR 5/1) gray 
Not visible 
    4 
(10YR 5/4) yellowish brown 
(10YR 7/3) very pale brown  
(10YR 5/2) grayish brown 
(10YR 3/3) dark brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 7/3) very pale brown 
(10YR 5/3) brown 
(10YR 3/6) dark yellowish 
brown 
margin: (2.5Y 8/2) pale brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 5/2) grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 7/3) very pale brown 
(10YR 4/6) dark yellowish 
brown 
(10YR 4/4) dark yellowish 
brown 
margin: (10YR 8/2) very pale 
brown 
Not visible 
Plant matter 
Acorns 2 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 2.5/3) very dark brown 
(10YR 5/4) yellowish brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    3 
(7.5YR 2.5/3) very dark brown 
(10YR 5/4) yellowish brown 
(7.5YR 3/2) dark brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    4 
(10YR 4/2) dark grayish brown 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
margin: (10YR 8/1) white 
Not visible 
    5 
(10YR 3/6) dark yellowish 
brown 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
margin: (2.5Y 8/2) pale brown 
Not visible 
    6 
(10YR 7/3) very pale brown 
(10YR 3/6) dark yellowish 
brown 
(10YR 5/4) yellowish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
margin: (10YR 8/3) very pale 
brown 
Not visible 
Plant matter 
Acorns 3 0 (5Y 8/1) white (5Y 7/1) light gray 
    2 
(10YR 6/3) pale brown 
(2.5YR 3/4) dark reddish brown 
(10YR 5/3) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 
(10YR 4/3) brown 
(10YR 6/3) pale brown 
(10R 3/4) dusky red 
(10YR 4/3) brown 
(7.5YR 3/2) dark brown 
Not visible 
    4 
(10YR 6/3) pale brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/3) brown 
(7.5YR 3/2) dark brown 
Not visible 
    5 
(10YR 6/3) pale brown 
(10YR 3/2) very dark grayish 
brown 
(7.5YR 3/3) dark brown 
(10YR 4/2) dark grayish brown 
margin: (10YR 8/3) very pale 
brown 
Not visible 
    6 
(10YR 5/3) brown 
(10YR 3/1) very dark gray  
(10YR 3/2) very dark grayish 
brown 
(10YR 3/3) dark brown 
(10YR 4/3) brown 
margin: (10YR 8/3) very pale 
brown 
Not visible 
Plant matter 
Acorns 4 0 (5Y 8/1) white (7.5YR 7/1) light gray 
    2 
(10YR 6/3) pale brown 
(5YR 2.5/2) dark reddish brown 
(10YR 6/4) light yellowish 
brown 
Not visible 
    3 
(7.5YR 2.5/3) very dark brown 
(10YR 6/3) pale brown 
(10YR 8/2) very pale brown 
(10YR 5/4) yellowish brown 
Not visible 
    4 
(10YR 8/2) very pale brown 
(7.5YR 2.5/3) very dark brown  
(10YR 2/2) very dark brown 
(10YR 5/3) brown 
(10YR 5/4) yellowish brown 
Not visible 
    5 
(10YR 7/3) very pale brown 
(7.5YR 2.5/2) very dark brown 
(10YR 5/3) brown 
(10YR 4/2) dark grayish brown 
(10YR 3/6) dark yellowish 
brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 7/3) very pale brown 
(7.5YR 2.5/2) very dark brown 
(10YR 5/4) yellowish brown 
(10YR 4/2) dark grayish brown 
(10YR 3/6) dark yellowish 
brown 
Not visible 
Plant matter 
Acorns 5 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 6/3) pale brown 
(10YR 8/3) very pale brown 
(5YR 2.5/2) dark reddish brown 
Not visible 
    3 
(10YR 8/2) very pale brown 
(10YR 6/3) pale brown 
(10YR 5/4) yellowish brown 
(5YR 2.5/2) dark reddish brown 
Not visible 
    4 
(10YR 8/2) very pale brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/4) dark yellowish 
brown 
(7.5YR 2.5/2) very dark brown 
Not visible 
    5 
(10YR 7/3) very pale brown 
(5YR 4/4) reddish brown 
(7.5YR 2.5/2) very dark brown 
(7.5YR 2.5/1) black 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    6 
(10YR 7/3) very pale brown 
(10YR 4/2) dark grayish brown 
(5YR 4/4) reddish brown 
(10YR 5/3) brown 
(7.5YR 2.5/2) very dark brown 
(7.5YR 2.5/1) black 
Not visible 
Plant matter 
Oak leaves 6 0 (5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 8/2) very pale brown 
(10YR 6/2) light brownish gray 
Not visible 
    3 
(10YR 5/2) grayish brown 
(10YR 6/3) pale brown 
(10YR 8/2) very pale brown 
Not visible 
    4 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 5/2) grayish brown 
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 4/2) dark grayish brown 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 7/3) very pale brown 
(10YR 4/2) dark grayish brown 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
Plant matter 
Oak leaves 7 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/1) light gray 
    2 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 8/3) very pale brown 
Not visible 
    3 
(10YR 7/3) very pale brown 
(10YR 6/4) light yellowish 
brown 
Not visible 
    4 
(10YR 7/3) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 5/2) grayish brown 
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 5/2) grayish brown 
Not visible 
    6 
(10YR 7/3) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 3/1) very dark gray 
(10YR 5/4) yellowish brown 
(10YR 5/1) gray 
Not visible 
Plant matter 
Oak leaves 8 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 8/2) very pale brown 
(10YR 6/3) pale brown 
Not visible 
    3 
(10YR 5/3) brown 
(10YR 8/3) very pale brown 
(10YR 8/2) very pale brown 
Not visible 
    4 
(10YR 7/3) very pale brown 
(10YR 5/3) brown 
(10YR 8/2) very pale brown 
(10YR 6/2) light brownish gray 
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
(10YR 8/2) very pale brown 
Not visible 
    6 
(10YR 5/4) yellowish brown 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
(10YR 7/3) very pale brown 
Not visible 
Plant matter 
Oak leaves 9 0 (5Y 8/1) white 
(10YR 7/1) light gray 
(10YR 7/2) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 
(10YR 8/1) white 
(7.5YR 3/3) dark  brown 
(10YR 6/2) light brownish gray 
(10YR 7/1) light gray 
    3 (10YR 8/1) white (10YR 7/1) light gray 
    4 
(10YR 8/1) white 
(10YR 5/3) brown 
(10YR 7/1) light gray 
    5 
(10YR 7/3) very pale brown 
(10YR 8/1) white 
(10YR 6/4) light yellowish 
brown 
(10YR 7/2) light gray 
    6 
(10YR 7/3) very pale brown 
(10YR 8/1) white 
(10YR 6/4) light yellowish 
brown 
(10YR 6/3) pale brown 
Not visible 
Plant matter 
Oak leaves 10 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/1) light gray 
    2 
(10YR 8/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 8/2) very pale brown 
Not visible 
    3 
(10YR 7/3) very pale brown 
(10YR 8/3) very pale brown 
(10YR 8/2) very pale brown 
(10YR 5/4) yellowish brown 
Not visible 
    4 
(10YR 5/4) yellowish brown 
(10YR 7/3) very pale brown  
(10YR 8/2) very pale brown 
(10YR 6/3) pale brown 
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 8/3) very pale brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    6 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 8/3) very pale brown 
(10YR 5/6) yellowish brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
Plant matter 
Maple leaves 11 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 5/3) brown 
(10YR 7/3) very pale brown 
(10YR 8/1) white 
(10YR 6/2) light 
brownish gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 
(10YR 6/4) light yellowish 
brown 
(10YR 7/3) very pale brown 
(10YR 6/2) light brownish gray 
Not visible 
    4 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
Not visible 
    5 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
(7.5YR 4/4) brown 
(10YR 5/4) yellowish brown 
(10YR 7/3) very pale brown 
Not visible 
    6 
(10YR 6/4) light yellowish 
brown 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/4) yellowish brown 
margin: (10YR 7/4) very pale 
brown & (10YR 7/3) very pale 
brown 
Not visible 
Plant matter 
Maple leaves 12 0 (5Y 8/2) pale yellow (10YR 7/1) light gray 
    2 
(10YR 7/3) very pale brown 
(10YR 8/3) very pale brown 
(10YR 5/3) brown 
Not visible 
    3 
(10YR 4/3) brown 
(10YR 7/3) very pale brown 
(10YR 7/4) very pale brown 
(10YR 5/3) brown 
Not visible 
    4 
(10YR 7/4) very pale brown 
(10YR 7/3) very pale brown 
(10YR 5/4) yellowish brown 
(10YR 5/3) brown 
Not visible 
    5 
(10YR 7/4) very pale brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 6/4) light yellowish 
brown 
(10YR 7/3) very pale brown 
(10YR 5/2) grayish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plant matter 
Maple leaves 13 0 (5Y 8/1) white (7.5YR 6/1) gray 
    2 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 5/3) brown 
(7.5YR 5/2) brown 
    3 
(10YR 6/4) light yellowish 
brown 
(7.5YR 4/4) brown 
(10YR 5/4) yellowish brown 
(10YR 6/3) pale brown 
    4 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(10YR 5/3) brown 
(7.5YR 3/2) dark brown 
(10YR 6/3) pale brown 
    5 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(7.5YR 3/2) dark brown 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
Not visible 
    6 
(10YR 5/3) brown 
(10YR 5/4) yellowish brown 
(10YR 3/2) very dark grayish 
brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plant matter 
Maple leaves 14 0 (5Y 8/1) white (7.5YR 7/1) light gray 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 4/3) brown 
Not visible 
    3 
(7.5YR 4/4) brown 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 6/4) light yellowish 
brown 
Not visible 
    4 
(10YR 6/4) light yellowish 
brown 
(10YR 5/4) yellowish brown 
(10YR 4/3) brown 
(10YR 6/3) pale brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 6/4) light yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/4) yellowish brown 
Not visible 
    6 
(10YR 6/4) light yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/3) brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/4) yellowish brown 
Not visible 
Plant matter 
Maple leaves 15 0 (5Y 8/1) white 
(7.5YR 7/1) light gray 
(7.5YR 6/2) pinkish 
gray 
    2 
(10YR 6/4) light yellowish 
brown 
(5YR 5/4) reddish brown 
(10YR 5/4) yellowish brown 
(10YR 5/1) gray 
    3 
(10YR 6/4) light yellowish 
brown 
(5YR 5/4) reddish brown 
(10YR 5/2) grayish brown 
Not visible 
    4 
(10YR 6/4) light yellowish 
brown 
(10YR 5/2) grayish brown 
(5YR 5/4) reddish brown 
margin: (10YR 8/3) very pale 
brown 
Not visible 
    5 
(10YR 7/4) very pale brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/4) yellowish brown 
(5YR 5/4) reddish brown 
(10YR 6/4) light yellowish 
brown 
margin: (10YR 8/3) very pale 
brown 
Not visible 
    6 
(10YR 6/4) light yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/4) yellowish brown 
(5YR 5/4) reddish brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plant matter 
Pine needles 16 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 8/2) very pale brown 
(10YR 6/3) pale brown 
(10YR 5/1) gray 
(10YR 6/2) light 
brownish gray 
    3 
(10YR 8/2) very pale brown 
(10YR 6/3) pale brown 
(10YR 4/1) dark gray 
(10YR 4/3) brown 
Not visible 
    4 
(10YR 7/3) very pale brown 
(10YR 6/1) gray 
(10YR 5/3) brown 
(10YR 5/1) gray 
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 5/3) brown 
(10YR 5/4) yellowish brown 
(10YR 4/1) dark gray 
Not visible 
    6 
(10YR 5/4) yellowish brown 
(10YR 5/3) brown 
(10YR 4/1) dark gray 
(10YR 7/3) very pale brown 
Not visible 
Plant matter 
Pine needles 17 0 (5Y 8/1) white 
(7.5YR 6/2) pinkish 
gray 
    2 
(10YR 5/4) yellowish brown 
(10YR 8/2) very pale brown 
(7.5YR 6/1) gray 
    3 
(10YR 6/3) pale brown 
(10YR 8/2) very pale brown 
(10YR 5/4) yellowish brown 
Not visible 
    4 
(10YR 7/3) very pale brown 
(10YR 8/2) very pale brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/2) grayish brown 
Not visible 
    5 
(10YR 8/3) very pale brown 
(10YR 7/3) very pale brown 
(10YR 5/4) yellowish brown 
(10YR 4/4) dark yellowish 
brown 
(10YR 5/1) gray 
Not visible 
    6 
(10YR 7/3) very pale brown 
(10YR 5/4) yellowish brown 
(10YR 4/1) dark gray 
(10YR 4/4) dark yellowish 
brown 
margin: (10YR 8/3) very pale 
brown 
Not visible 
Plant matter 
Pine needles 18 0 (5Y 8/1) white (10YR 7/2) light gray 
 128 
Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 
(10YR 8/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/1) gray 
    3 
(10YR 8/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/4) light yellowish 
brown 
Not visible 
    4 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/4) light yellowish 
brown   
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 5/1) gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 6/4) light yellowish 
brown 
Not visible 
    6 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 6/4) light yellowish 
brown 
Not visible 
Plant matter 
Pine needles 19 0 (5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 8/1) white 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
Not visible 
    3 
(10YR 8/1) white 
(10YR 6/3) pale brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    4 
(10YR 8/1) white 
(10YR 6/4) light yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/1) gray 
Not visible 
    5 
(10YR 8/2) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 5/1) gray 
Not visible 
    6 
(10YR 8/2) very pale brown 
(10YR 6/4) light yellowish 
brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 5/1) gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plant matter 
Pine needles 20 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 8/1) white 
(10YR 7/4) very pale brown 
(10YR 4/1) dark gray 
Not visible 
    3 
(10YR 8/1) white 
(10YR 7/4) very pale brown 
(10YR 4/1) dark gray 
Not visible 
    4 
(10YR 8/1) white 
(10YR 5/1) gray 
(10YR 7/4) very pale brown 
Not visible 
    5 
(10YR 8/2) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/4) light yellowish 
brown  
(10YR 5/1) gray 
Not visible 
    6 
(10YR 8/2) very pale brown 
(10YR 4/1) dark gray 
(10YR 5/4) yellowish brown 
(10YR 6/3) pale brown 
Not visible 
 
 
 
 
A.3. Organic staining from plastic container environments, Sample 3. 
 
Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plastic 
containers 
Tannic acid 1 0 (2.5Y 8/1) white (2.5Y 7/1) light gray 
    2 
(5YR 3/2) dark reddish brown 
(5YR 3/1) very dark gray 
Not visible 
    3 
(2.5YR 2.5/1) reddish black 
(2.5YR 3/1) dark reddish brown 
Not visible 
    4 
(2.5YR 2.5/1) reddish black 
(2.5YR 4/2) weak red 
Not visible 
    5 
(5YR 2.5/1) black 
(2.5YR 4/2) weak red 
Not visible 
    6 
(10YR 2/1) black 
(7.5YR 2.5/1) black 
Not visible 
Plastic 
containers 
Tannic acid 2 0 
(10YR 8/1) white 
(2.5Y 8/2) pale yellow 
(7.5YR 6/2) pinkish 
gray 
    2 
(7.5YR 3/2) dark brown 
(5YR 3/1) very dark gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 (5YR 2.5/1) black Not visible 
    4 
(5YR 2.5/1) black 
(5YR 3/1) very dark gray 
Not visible 
    5 (5YR 2.5/1) black Not visible 
    6 
(10YR 2/1) black 
(7.5YR 2.5/1) black 
Not visible 
Plastic 
containers 
Tannic acid 3 0 
(2.5Y 8/2) pale yellow 
(10YR 8/1) white (7.5YR 7/1) light gray 
    2 
(7.5YR 4/1) dark gray 
(5YR 2.5/1) black 
Not visible 
    3 
(7.5YR 3/1) very dark gray 
(7.5YR 2.5/1) black 
Not visible 
    4 
(5YR 3/1) very dark gray 
(5YR 2.5/1) black 
Not visible 
    5 
(5YR 3/1) very dark gray 
(5YR 2.5/1) black 
margin: (2.5YR 4/2) weak red 
Not visible 
    6 (7.5YR 2.5/1) black Not visible 
Plastic 
containers 
Tannic acid 4 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 2.5/1) black 
(7.5YR 3/2) dark brown 
(5YR 3/1) very dark gray 
Not visible 
    3 (7.5YR 2.5/1) black Not visible 
    4 (5YR 2.5/1) black Not visible 
    5 (5YR 2.5/1) black Not visible 
    6 (7.5YR 2.5/1) black Not visible 
Plastic 
containers 
Tannic acid 5 0 
(2.5Y 8/2) pale yellow 
(2.5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
    2 
(5YR 3/2) dark reddish brown 
(7.5YR 3/1) very dark gray 
Not visible 
    3 
(7.5YR 3/1) very dark gray 
(7.5YR 2.5/1) black 
(7.5YR 4/1) dark gray 
Not visible 
    4 
(5YR 3/1) very dark gray 
(5YR 2.5/1) black 
(2.5YR 4/2) weak red 
Not visible 
    5 
(5YR 2.5/1) black 
(2.5YR 4/2) weak red 
Not visible 
    6 
(7.5YR 2.5/1) black 
(2.5YR 4/2) weak red 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plastic 
containers 
Control 6 0 
(2.5Y 8/1) white 
(2.5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(5Y 8/1) white 
(5Y 8/3) pale yellow 
(7.5YR 7/3) pink 
    3 
(10YR 8/1) white 
(2.5Y 8/2) pale brown 
(7.5YR 7/2) pinkish 
gray 
    4 
(10YR 8/1) white 
(2.5Y 8/2) pale brown 
(7.5YR 7/2) pinkish 
gray 
    5 
(10YR 8/1) white 
(10YR 8/2) very pale brown 
(7.5YR 7/2) pinkish 
gray 
    6 
(10YR 8/1) white 
(10YR 8/2) very pale brown 
(10YR 7/2) light gray 
Plastic 
containers 
Control 7 0 (2.5Y 8/1) white 
(10YR 7/2) light gray 
(10YR 6/2) light 
brownish gray 
    2 (2.5Y 8/1) white (10YR 7/1) light gray 
    3 (2.5Y 8/1) white (2.5Y 7/1) light gray 
    4 (10YR 8/1) white (2.5Y 7/1) light gray 
    5 (10YR 8/1) white (2.5Y 7/1) light gray 
    6 (10YR 8/1) white (2.5Y 7/1) light gray 
Plastic 
containers 
Control 8 0 (2.5Y 8/1) white 
(10YR 7/2) light gray 
(10YR 6/2) light 
brownish gray 
    2 
(2.5Y 8/4) pale brown 
(2.5Y 8/1) white 
(2.5Y 7/1) light gray 
    3 
(2.5Y 8/3) pale brown 
(2.5Y 8/1) white 
(2.5Y 7/1) light gray 
    4 
(2.5Y 8/2) pale brown 
(2.5Y 8/1) white 
(2.5Y 7/1) light gray 
    5 
(2.5Y 8/2) pale brown 
(2.5Y 8/1) white 
(2.5Y 7/1) light gray 
    6 
(2.5Y 8/2) pale brown 
(2.5Y 8/1) white 
Not visible 
Plastic 
containers 
Control 9 0 (2.5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
    2 (2.5Y 8/1) white 
(2.5Y 6/2) light 
brownish gray 
    3 
(2.5Y 8/3) pale brown 
(2.5Y 8/1) white 
(2.5Y 6/2) light 
brownish gray 
    4 
(2.5Y 8/3) pale brown 
(2.5Y 8/1) white 
(2.5Y 7/2) light gray 
    5 
(2.5Y 8/3) pale brown 
(2.5Y 8/1) white 
(2.5Y 7/2) light gray 
    6 (2.5Y 8/1) white (2.5Y 7/2) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plastic 
containers 
Control 10 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 8/1) white (10YR 7/2) light gray 
    3 (2.5Y 8/1) white (2.5Y 7/1) light gray 
    4 (2.5Y 8/1) white (10YR 7/2) light gray 
    5 (2.5Y 8/1) white (2.5Y 7/2) light gray 
    6 (2.5Y 8/1) white (2.5Y 7/2) light gray 
Plastic 
containers 
Cherry - box 1 11 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(7.5YR 6/4) light brown 
(7.5YR 7/4) pink 
(5YR 4/3) reddish 
brown 
    3 
(7.5YR 7/4) pink 
(5YR 6/4) light reddish brown 
(5YR 5/4) reddish 
brown 
    4 
(7.5YR 6/4) light brown 
(7.5YR 7/4) pink 
(5YR 5/4) reddish 
brown 
    5 
(7.5YR 6/4) light brown 
(5YR 6/4) light reddish brown 
(5YR 5/3) reddish 
brown 
    6 
(5YR 5/6) yellowish red 
(5YR 6/4) light reddish brown 
(5YR 5/3) reddish 
brown 
Plastic 
containers 
Cherry - box 1 12 0 (2.5Y 8/1) white 
(10YR 7/2) light gray 
(10YR 6/2) light 
brownish gray 
    2 
(7.5YR 7/3) pink 
(7.5YR 7/4) pink 
(7.5YR 6/3) light 
brown 
(10YR 6/1) gray 
    3 
(5YR 6/4) light reddish brown 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
    4 
(5YR 6/4) light reddish brown 
margin: (7.5YR 6/6) reddish 
yellow & (7.5YR 5/6) strong 
brown 
Not visible 
    5 
(5YR 6/4) light reddish brown 
margin: (7.5YR 5/6) strong 
brown & (7.5YR 7/6) reddish 
yellow 
Not visible 
    6 
(5YR 6/4) light reddish brown 
margin: (5YR 5/6) yellowish 
red & (7.5YR 7/6) reddish 
yellow 
Not visible 
Plastic 
containers 
Cherry - box 1 13 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 6/4) light brown 
(7.5YR 7/3) pink 
(7.5YR 6/2) pinkish 
gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 
(7.5YR 6/4) light brown 
(5YR 6/4) light reddish brown 
(7.5YR 7/4) pink 
(5YR 6/2) pinkish gray 
    4 (5YR 6/4) light reddish brown Not visible 
    5 
(5YR 6/4) light reddish brown 
(5YR 6/6) reddish yellow 
Not visible 
    6 
(5YR 6/4) light reddish brown 
(5YR 6/6) reddish yellow 
Not visible 
Plastic 
containers 
Cherry - box 1 14 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 6/4) light brown 
(7.5YR 7/4) pink 
(7.5YR 6/3) light 
brown 
    3 
(5YR 6/4) light reddish brown 
(7.5YR 6/6) reddish yellow 
(5YR 7/4) pink 
(7.5YR 6/2) pinkish 
gray 
    4 
(5YR 6/4) light reddish brown 
(5YR 6/6) reddish yellow 
Not visible 
    5 
(5YR 6/6) reddish yellow 
(5YR 6/4) light reddish brown 
margin: (7.5YR 7/6) reddish 
yellow 
Not visible 
    6 
(5YR 6/4) light reddish brown 
(5YR 6/6) reddish yellow 
margin: (7.5YR 7/6) reddish 
yellow & (5YR 5/6) yellowish 
red 
Not visible 
Plastic 
containers 
Cherry - box 2 15 0 
(2.5Y 8/2) pale yellow 
(2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 7/3) pink 
(7.5YR 6/4) light brown 
(10YR 6/2) light 
brownish gray 
    3 (7.5YR 6/4) light brown 
(5YR 6/3) light reddish 
brown 
    4 
(5YR 6/4) light reddish brown 
(5YR 7/4) pink 
(5YR 6/3) light reddish 
brown 
    5 
(5YR 6/4) light reddish brown 
(5YR 5/4) reddish brown 
(5YR 7/2) pinkish gray 
Not visible 
    6 
(5YR 6/3) light reddish brown 
(5YR 5/4) reddish brown 
(5YR 7/1) light gray 
margin: (5YR 4/6) yellowish 
red & (5YR 5/6) yellowish red 
Not visible 
Plastic 
containers 
Cherry - box 2 16 0 (2.5Y 8/1) white (10YR 7/2) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 
(7.5YR 7/3) pink 
(10YR 8/2) very pale brown 
(10YR 6/2) light 
brownish gray 
    3 
(5YR 6/4) light reddish brown 
(7.5YR 7/4) pink 
(7.5YR 6/3) light brown 
Not visible 
    4 
(5YR 6/4) light reddish brown 
margin: (7.5YR 6/6) reddish 
yellow 
Not visible 
    5 
(5YR 6/4) light reddish brown 
margin: (5YR 5/6) yellowish 
red & (5YR 6/6) reddish yellow 
Not visible 
    6 
(5YR 6/4) light reddish brown 
margin: (5YR 5/6) yellowish 
red & (5YR 6/6) reddish yellow 
Not visible 
Plastic 
containers 
Cherry - box 2 17 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 7/3) pink (7.5YR 6/2) pinkish 
gray 
    3 
(7.5YR 7/4) pink 
(7.5YR 6/4) light brown 
(7.5YR 6/3) light 
brown 
    4 (5YR 6/4) light reddish brown Not visible 
    5 
(5YR 6/4) light reddish brown 
margin: (7.5YR 7/6) reddish 
yellow & (5YR 5/6) yellowish 
red 
Not visible 
    6 
(5YR 6/4) light reddish brown 
margin: (7.5YR 7/6) reddish 
yellow & (5YR 5/6) yellowish 
red 
Not visible 
Plastic 
containers 
Cherry - box 2 18 0 (5Y 8/2) pale yellow 
(7.5YR 6/3) light 
brown 
    2 
(7.5YR 6/4) light brown 
(7.5YR 7/3) pink 
(7.5YR 5/3) brown 
    3 
(7.5YR 6/4) light brown 
(7.5YR 7/4) pink 
(7.5YR 5/4) brown 
    4 
(5YR 5/4) reddish brown 
(5YR 6/4) light reddish brown 
(5YR 5/4) reddish 
brown 
    5 
(5YR 5/4) reddish brown 
(5YR 6/4) light reddish brown 
margin: (5YR 5/6) yellowish 
red 
Not visible 
    6 
(5YR 5/4) reddish brown 
(2.5YR 5/4) reddish brown 
margin: (5YR 5/6) yellowish 
red 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plastic 
containers 
Cedar - box 1 19 0 (5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(7.5YR 6/4) light brown 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
    3 
(7.5YR 5/3) brown 
(7.5YR 5/2) brown 
Not visible 
    4 
(7.5YR 5/2) brown 
(7.5YR 5/3) brown 
Not visible 
    5 
(7.5YR 5/2) brown 
(7.5YR 4/2) brown 
(7.5YR 6/1) gray 
Not visible 
    6 
(7.5YR 4/2) brown 
(10YR 6/1) gray 
margin: (7.5YR 3/4) dark 
brown 
Not visible 
Plastic 
containers 
Cedar - box 1 20 0 
(2.5Y 8/2) pale yellow 
(2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 5/3) brown 
(10YR 6/4) light yellowish 
brown 
(7.5YR 5/3) brown 
    3 
(7.5 5/2) brown 
(7.5 5/3) brown 
Not visible 
    4 
(7.5YR 5/2) brown 
(7.5YR 5/4) brown 
(7.5YR 5/1) gray 
Not visible 
    5 
(7.5YR 5/2) brown 
(7.5YR 5/1) gray 
(7.5YR 5/4) brown 
Not visible 
    6 
(7.5YR 4/2) brown 
(7.5YR 4/1) dark gray 
(7.5YR 5/2) brown 
(7.5YR 5/1) gray 
Not visible 
Plastic 
containers 
Cedar - box 1 21 0 
(2.5Y 8/1) white 
(2.5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
(7.5YR 6/4) light brown 
(7.5YR 5/3) brown 
    3 
(7.5YR 5/3) brown 
(7.5YR 5/2) brown 
(7.5YR 6/3) light brown 
Not visible 
    4 
(7.5YR 5/3) brown 
(7.5YR 5/1) gray 
(7.5YR 5/2) brown 
margin: (7.5YR 4/6) strong 
brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(7.5YR 5/1) gray 
(7.5YR 5/2) brown 
(7.5YR 4/3) brown 
margin: (7.5YR 4/6) strong 
brown 
Not visible 
    6 
(7.5YR 5/1) gray 
(7.5YR 5/2) brown 
(7.5YR 4/2) brown 
margin: (7.5YR 4/6) strong 
brown & (7.5YR 5/6) strong 
brown 
Not visible 
Plastic 
containers 
Cedar - box 1 22 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 6/6) brownish yellow 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
(7.5YR 4/1) dark gray 
    3 
(7.5YR 5/2) brown 
(10YR 6/6) brownish yellow 
Not visible 
    4 
(7.5YR 5/2) brown 
margin: (7.5YR 5/6) strong 
brown 
Not visible 
    5 
(7.5YR 5/1) gray 
(7.5YR 5/2) brown 
margin: (7.5YR 4/6) strong 
brown 
Not visible 
    6 
(7.5YR 5/1) gray 
(7.5YR 5/2) brown 
margin: (7.5YR 4/6) strong 
brown 
Not visible 
Plastic 
containers 
Cedar - box 2 23 0 (2.5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
    2 (7.5YR 6/3) light brown Not visible 
    3 (7.5YR 5/3) brown Not visible 
    4 (7.5YR 5/3) brown Not visible 
    5 
(5YR 5/2) reddish gray 
(7.5YR 5/2) brown 
margin: (7.5YR 4/6) strong 
brown 
Not visible 
    6 
(7.5YR 5/1) gray 
(7.5YR 4/1) dark gray 
(7.5YR 4/2) brown 
margin: (7.5YR 4/6) strong 
brown 
Not visible 
Plastic 
containers 
Cedar - box 2 24 0 (5Y 8/2) pale yellow 
(10YR 6/2) light 
brownish gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 
(10YR 6/4) light yellowish 
brown 
(7.5YR 6/4) light brown 
(7.5YR 5/2) brown 
    3 
(7.5YR 5/3) brown 
(7.5YR 6/4) light brown 
(7.5YR 5/4) brown 
Not visible 
    4 
(7.5YR 5/3) brown 
(5YR 4/2) dark reddish gray 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    5 
(7.5YR 5/4) brown 
(7.5YR 5/3) brown 
(5YR 4/2) dark reddish gray 
margin: (10YR 6/6) brownish 
yellow 
Not visible 
    6 
(7.5YR 4/3) brown 
(7.5YR 5/3) brown 
(7.5YR 4/2) brown 
(5YR 4/2) dark reddish gray 
margin: (7.5YR 5/4) brown 
Not visible 
Plastic 
containers 
Cedar - box 2 25 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
Not visible 
    3 (7.5YR 5/3) brown Not visible 
    4 (7.5YR 5/3) brown Not visible 
    5 
(7.5YR 5/2) brown 
(7.5YR 4/3) brown 
(5YR 5/2) reddish gray 
Not visible 
    6 
(7.5YR 4/2) brown 
(7.5YR 5/2) brown 
(7.5YR 4/3) brown 
Not visible 
Plastic 
containers 
Cedar - box 2 26 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
Not visible 
    3 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
(7.5YR 5/2) brown 
Not visible 
    4 
(7.5YR 5/3) brown 
(7.5YR 5/2) brown 
Not visible 
    5 
(5YR 5/2) reddish gray 
(7.5YR 5/3) brown 
(7.5YR 5/2) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(7.5YR 5/2) brown 
(7.5YR 5/1) gray 
(7.5YR 4/2) brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 1 27 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/1) light gray 
    2 (10YR 6/3) pale brown Not visible 
    3 (10YR 6/3) pale brown Not visible 
    4 (7.5YR 6/3) light brown Not visible 
    5 (7.5YR 5/3) brown Not visible 
    6 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 1 28 0 (5YR 8/2) pale yellow (10YR 7/2) light gray 
    2 
(10YR 6/2) light brownish gray 
(10YR 6/3) pale brown 
(10YR 6/2) light 
brownish gray 
    3 
(10YR 6/2) light brownish gray 
(10YR 6/3) pale brown 
(10YR 6/2) light 
brownish gray 
    4 (7.5YR 6/3) light brown 
(10YR 6/2) light 
brownish gray 
    5 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
    6 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
(7.5YR 4/6) strong brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 1 29 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 6/3) pale brown Not visible 
    3 (10YR 6/3) pale brown Not visible 
    4 (7.5YR 6/3) light brown Not visible 
    5 (7.5YR 5/3) brown Not visible 
    6 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 1 30 0 (2.5Y 8/1) white (10YR 7/2) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 (10YR 6/3) pale brown 
(10YR 5/2) grayish 
brown 
    3 (10YR 6/3) pale brown Not visible 
    4 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
Not visible 
    5 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
Not visible 
    6 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 2 31 0 
(2.5Y 8/1) white 
(2.5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 (7.5YR 6/3) light brown 
(7.5YR 6/2) pinkish 
gray 
    3 (7.5YR 6/3) light brown Not visible 
    4 
(7.5YR 6/3) light brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    5 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
margin (10YR 6/4) light 
yellowish brown 
Not visible 
    6 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
margin (10YR 6/4) light 
yellowish brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 2 32 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 6/3) pale brown Not visible 
    3 (7.5YR 6/3) light brown Not visible 
    4 (7.5YR 6/3) light brown Not visible 
    5 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
    6 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 2 33 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 6/3) pale brown Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 (7.5YR 6/3) light brown Not visible 
    4 
(7.5YR 6/3) light brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
    5 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
    6 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Soft maple - 
box 2 34 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 6/3) light brown 
(10YR 6/3) pale brown 
(10YR 5/3) brown 
    3 
(7.5YR 5/3) brown 
(7.5YR 6/3) light brown 
Not visible 
    4 
(7.5YR 5/3) brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    5 
(7.5YR 5/3) brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    6 
(7.5YR 5/3) brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
Plastic 
containers 
Mahogany - 
box 1 35 0 (5Y 8/2) pale yellow (10YR 7/1) light gray 
    2 (10R 5/4) weak red Not visible 
    3 (10R 5/4) weak red Not visible 
    4 
(10R 5/4) weak red 
margin: (10R 6/6) light red & 
(2.5YR 6/6) light red 
Not visible 
    5 
(10R 5/4) weak red 
margin: (10R 6/6) light red & 
(2.5YR 6/6) light red 
Not visible 
    6 
(10R 5/4) weak red 
margin: (10R 6/6) light red & 
(2.5YR 6/6) light red 
Not visible 
Plastic 
containers 
Mahogany - 
box 1 36 0 (2.5Y 8/1) white (10YR 7/2) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 (10R 5/4) weak red Not visible 
    3 (10R 5/4) weak red Not visible 
    4 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    5 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    6 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
Plastic 
containers 
Mahogany - 
box 1 37 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    3 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    4 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    5 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    6 (10R 5/4) weak red Not visible 
Plastic 
containers 
Mahogany - 
box 1 38 0 (5Y 8/1) white (10YR 7/2) light gray 
    2 
(10R 5/4) weak red 
(10R 6/4) pale red 
Not visible 
    3 
(10R 5/4) weak red 
(10R 6/4) pale red 
Not visible 
    4 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    5 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    6 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
Plastic 
containers 
Mahogany - 
box 2 39 0 
(2.5Y 8/2) pale yellow 
(2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    3 (10R 5/4) weak red Not visible 
    4 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    5 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
Plastic 
containers 
Mahogany - 
box 2 40 0 
(5Y 8/3) pale yellow 
(5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
    2 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    3 
(10R 5/4) weak red 
(10R 6/4) pale red 
Not visible 
    4 
(10R 5/4) weak red 
margin: (2.5YR 6/4) light 
reddish brown 
Not visible 
    5 
(10R 5/4) weak red 
(10R 6/4) pale red 
margin: (2.5YR 6/6) light red 
Not visible 
    6 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
Plastic 
containers 
Mahogany - 
box 2 41 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    3 
(10R 5/4) weak red 
(10R 6/4) pale red 
Not visible 
    4 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    5 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    6 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
Plastic 
containers 
Mahogany - 
box 2 42 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(10R 6/4) pale red 
(10R 5/4) weak red 
Not visible 
    3 (10R 5/4) weak red Not visible 
    4 (10R 5/4) weak red Not visible 
    5 
(10R 5/4) weak red 
margin: (2.5YR 6/6) light red 
Not visible 
    6 
(10R 5/4) weak red 
margin: (2.5YR 5/6) red 
Not visible 
Plastic 
containers 
Oak - box 1 43 0 
(2.5Y 8/2) pale yellow 
(2.5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 
(10YR 8/3) very pale brown 
(10YR 6/3) pale brown 
(7.5YR 5/4) brown 
(10YR 4/3) brown 
    3 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
(7.5YR 4/3) brown 
    4 
(7.5YR 4/3) brown 
(7.5YR 5/3) brown 
(7.5YR 6/4) light brown 
Not visible 
    5 
(7.5YR 4/2) brown 
(10YR 4/1) dark gray 
margin: (7.5YR 4/4) brown 
Not visible 
    6 
(7.5YR 4/2) brown 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
margin: (7.5YR 4/4) brown 
Not visible 
Plastic 
containers 
Oak - box 1 44 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white 
(7.5YR 6/2) pinkish 
gray 
    2 
(7.5YR 6/4) light brown 
(7.5YR 4/6) strong brown 
(7.5YR 3/3) dark brown 
    3 
(7.5YR 5/4) brown 
(7.5YR 4/6) strong brown 
(7.5YR 4/4) brown 
(7.5YR 5/3) brown 
(7.5YR 3/2) dark brown 
    4 
(7.5YR 4/4) brown 
(7.5YR 5/3) brown 
(7.5YR 4/2) brown 
(7.5YR 3/2) dark brown 
    5 
(7.5YR 4/3) brown 
(7.5YR 3/3) dark brown 
(7.5YR 4/2) brown 
Not visible 
    6 
(7.5YR 3/2) dark brown 
(7.5YR 3/3) dark brown 
(7.5YR 5/2) brown 
(7.5YR 4/1) dark gray 
(7.5YR 4/2) brown 
Not visible 
Plastic 
containers 
Oak - box 1 45 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(7.5YR 5/4) brown 
(7.5YR 6/4) light brown 
Not visible 
    3 
(7.5YR 5/4) brown 
(7.5YR 6/4) light brown 
(7.5YR 5/2) brown 
Not visible 
    4 
(7.5YR 4/4) brown 
(7.5YR 5/3) brown 
(7.5YR 5/4) brown 
(7.5YR 4/2) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(7.5YR 4/3) brown 
(7.5YR 4/2) brown 
(7.5YR 4/1) dark gray 
Not visible 
    6 
(7.5YR 3/2) dark brown 
(7.5YR 3/3) dark brown 
(7.5YR 4/2) brown 
(7.5YR 4/1) dark gray 
Not visible 
Plastic 
containers 
Oak - box 1 46 0 (2.5Y 8/1) white 
(7.5YR 6/2) pinkish 
gray 
    2 
(7.5YR 6/4) light brown 
(7.5YR 5/4) brown 
(7.5YR 5/2) brown 
    3 
(7.5YR 6/3) light brown 
(7.5YR 5/3) brown 
(7.5YR 5/4) brown 
(7.5YR 4/3) brown 
(7.5YR 3/3) dark brown 
    4 
(7.5YR 5/3) brown 
(7.5YR 6/4) light brown 
(7.5YR 5/2) brown 
(7.5YR 4/3) brown 
(7.5YR 3/3) dark brown 
    5 
(7.5YR 5/2) brown 
(7.5YR 4/1) dark gray 
(7.5YR 3/2) dark brown 
margin: (7.5YR 3/3) dark 
brown & (7.5YR 6/6) reddish 
yellow 
Not visible 
    6 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
(10YR 5/2) grayish brown 
(7.5YR 3/2) dark brown 
margin: (7.5YR 3/3) dark 
brown & (7.5YR 6/4) light 
brown 
Not visible 
Plastic 
containers 
Oak - box 2 47 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
(10YR 5/4) yellowish brown 
(10YR 5/2) grayish 
brown 
    3 
(10YR 5/3) brown 
(7.5YR 4/2) brown 
Not visible 
    4 
(10YR 5/2) grayish brown 
(10YR 4/2) dark grayish brown 
Not visible 
    5 
(10YR 5/2) grayish brown 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 5/2) grayish brown 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
Plastic 
containers 
Oak - box 2 48 0 (2.5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
    2 
(10YR 6/4) light yellowish 
brown 
(10YR 7/3) very pale brown 
Not visible 
    3 
(7.5YR 5/2) brown 
(7.5YR 4/3) brown 
(7.5YR 5/3) brown 
Not visible 
    4 (7.5YR 5/2) brown Not visible 
    5 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
Not visible 
    6 
(10YR 4/2) dark grayish brown 
(10YR 5/1) gray 
Not visible 
Plastic 
containers 
Oak - box 2 49 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 5/4) yellowish brown 
(2.5Y 8/3) pale yellow 
(10YR 6/4) light yellowish 
brown 
(10YR 7/4) very pale brown 
Not visible 
    3 
(7.5YR 4/3) brown 
(10YR 6/4) light yellowish 
brown 
(10YR 5/3) brown 
Not visible 
    4 
(7.5YR 3/3) dark brown 
(7.5YR 5/2) brown 
(7.5YR 4/3) brown 
Not visible 
    5 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 5/1) gray 
Not visible 
    6 
(10YR 4/2) dark grayish brown 
(10YR 4/3) brown 
(10YR 5/1) gray 
Not visible 
Plastic 
containers 
Oak - box 2 50 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 6/3) pale brown 
(10YR 5/6) yellowish brown 
(10YR 7/3) very pale brown 
Not visible 
    3 
(7.5YR 3/3) dark brown 
(10YR 5/2) grayish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    4 
(7.5YR 3/3) dark brown 
(10YR 5/2) grayish brown 
Not visible 
    5 
(7.5YR 3/2) dark brown 
(7.5YR 3/3) dark brown 
(10YR 5/1) gray 
Not visible 
    6 
(7.5YR 3/2) dark brown 
(10YR 5/1) gray 
(10YR 4/2) dark grayish brown 
Not visible 
Plastic 
containers 
Spruce - box 1 51 0 (5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(10R 5/4) weak red 
(2.5YR 6/2) pale red 
Not visible 
    3 
(5R 5/1) reddish gray 
(10R 5/2) weak red 
Not visible 
    4 
(10R 5/1) reddish gray 
(10R 5/2) weak red 
Not visible 
    5 (10R 5/1) reddish gray Not visible 
    6 (10R 5/1) reddish gray Not visible 
Plastic 
containers 
Spruce - box 1 52 0 (5Y 8/2) pale yellow 
(10YR 6/2) light 
brownish gray 
    2 
(2.5YR 5/2) weak red 
(7.5YR 8/2) pinkish white 
Not visible 
    3 
(10R 5/2) weak red 
(2.5YR 7/3) light reddish 
brown 
Not visible 
    4 
(10R 5/2) weak red 
(2.5YR 7/3) light reddish 
brown 
Not visible 
    5 
(2.5YR 5/1) reddish gray 
(2.5YR 5/2) weak red 
margin: (10R 6/3) pale red 
Not visible 
    6 
(2.5YR 5/1) reddish gray 
(5YR 5/2) reddish gray 
margin: (2.5R 6/3) light reddish 
brown 
Not visible 
Plastic 
containers 
Spruce - box 1 53 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 (2.5YR 6/2) pale red Not visible 
    3 (10R 5/2) weak red Not visible 
    4 
(10R 5/2) weak red 
(10R 5/1) reddish gray 
Not visible 
    5 
(10R 5/2) weak red 
(2.5YR 5/1) reddish gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 (2.5YR 5/1) reddish gray Not visible 
Plastic 
containers 
Spruce - box 1 54 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (2.5YR 6/2) pale red (2.5YR 5/2) weak red 
    3 (10R 5/2) weak red Not visible 
    4 (10R 5/2) weak red Not visible 
    5 
(10R 5/1) reddish gray 
(10R 5/2) weak red 
Not visible 
    6 (2.5YR 5/1) reddish gray Not visible 
Plastic 
containers 
Spruce - box 2 55 0 (5Y 8/2) pale yellow 
(10YR 6/2) light 
brownish gray 
    2 (5YR 7/2) pinkish gray (5YR 6/2) pinkish gray 
    3 
(10R 6/2) pale red 
(10R 5/2) weak red 
Not visible 
    4 
(10R 5/2) weak red 
(2.5YR 5/1) reddish gray 
Not visible 
    5 
(10R 5/2) weak red 
(2.5YR 5/1) reddish gray 
margin: (2.5YR 6/3) light 
reddish brown 
Not visible 
    6 
(2.5YR 5/1) reddish gray 
margin: (2.5YR 5/3) reddish 
brown 
Not visible 
Plastic 
containers 
Spruce - box 2 56 0 (5Y 8/1) white 
(7.5YR 7/2) pinkish 
gray 
    2 (5YR 7/3) pink Not visible 
    3 (10R 5/3) weak red Not visible 
    4 (2.5YR 5/2) weak red Not visible 
    5 (2.5YR 5/2) weak red Not visible 
    6 
(2.5YR 5/2) weak red 
(2.5YR 4/2) weak red 
Not visible 
Plastic 
containers 
Spruce - box 2 57 0 (5Y 8/1) white (10YR 7/2) light gray 
    2 (5YR 7/3) pink (5YR 6/2) pinkish gray 
    3 (10R 5/2) weak red Not visible 
    4 
(10R 5/2) weak red 
(10R 4/2) weak red 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(2.5YR 5/2) weak red 
(2.5YR 3/3) dark reddish brown 
margin: (2.5YR 6/3) light 
reddish brown & (2.5YR 4/3) 
reddish brown 
Not visible 
    6 
(2.5YR 5/2) weak red 
(2.5YR 5/1) reddish gray 
margin: (2.5YR 3/3) dark 
reddish brown & (2.5YR 6/3) 
light reddish brown 
Not visible 
Plastic 
containers 
Spruce - box 2 58 0 (5Y 8/1) white (10YR 7/1) light gray 
    2 
(5YR 7/3) pink 
(5YR 6/3) light reddish brown 
(10YR 8/2) very pale brown 
Not visible 
    3 
(10R 5/3) weak red 
(2.5YR 7/3) light reddish 
brown 
(10R 5/2) weak red 
Not visible 
    4 
(10R 4/3) weak red 
(2.5YR 5/3) reddish brown 
(10R 5/2) weak red 
Not visible 
    5 
(10R 4/3) weak red 
(2.5YR 5/2) weak red 
Not visible 
    6 
(2.5YR 4/3) reddish brown 
(2.5YR 5/1) reddish gray 
Not visible 
Plastic 
containers 
Hickory - box 1 59 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 5/2) grayish brown 
(10YR 5/3) brown 
(10YR 5/2) grayish 
brown 
    3 
(10YR 6/2) light brownish gray 
(10YR 5/2) grayish brown 
Not visible 
    4 
(10YR 5/3) brown 
(7.5YR 5/2) brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    5 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    6 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
Plastic 
containers 
Hickory - box 1 60 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white (10YR 7/2) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 (10YR 6/2) light brownish gray Not visible 
    3 
(7.5YR 5/2) brown 
(10YR 5/2) grayish brown 
Not visible 
    4 
(7.5YR 5/2) brown 
margin: (10YR 7/3) very pale 
brown 
Not visible 
    5 
(7.5YR 5/2) brown 
margin: (10YR 7/3) very pale 
brown 
Not visible 
    6 
(10YR 6/2) light brownish gray 
(7.5YR 5/2) brown 
margin: (10YR 7/3) very pale 
brown 
Not visible 
Plastic 
containers 
Hickory - box 1 61 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 (10YR 6/2) light brownish gray Not visible 
    3 (10YR 6/2) light brownish gray Not visible 
    4 
(10YR 6/2) light brownish gray 
(10YR 5/2) grayish brown 
Not visible 
    5 
(10YR 5/2) grayish brown 
(10YR 6/1) gray 
(10YR 5/3) brown 
Not visible 
    6 
(10YR 6/2) light brownish gray 
(10YR 6/1) gray 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
Not visible 
Plastic 
containers 
Hickory - box 1 62 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 (10YR 6/2) light brownish gray Not visible 
    3 (10YR 6/2) light brownish gray Not visible 
    4 (10YR 6/2) light brownish gray Not visible 
    5 
(7.5YR 5/2) brown 
(7.5YR 6/1) gray 
Not visible 
    6 
(7.5YR 5/2) brown 
(10YR 6/1) gray 
Not visible 
Plastic 
containers 
Hickory - box 2 63 0 (2.5Y 8/2) pale brown 
(10YR 6/2) light 
brownish gray 
    2 
(10YR 5/3) brown 
(10YR 6/3) pale brown 
(10YR 5/2) grayish 
brown 
    3 
(10YR 5/3) brown 
(7.5YR 6/3) light brown 
Not visible 
    4 (10YR 5/3) brown Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 5/3) brown 
(10YR 4/2) dark grayish brown 
Not visible 
    6 
(10YR 5/3) brown 
(10YR 5/2) grayish brown 
(10YR 4/3) brown 
Not visible 
Plastic 
containers 
Hickory - box 2 64 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(10YR 6/2) light brownish gray 
(10YR 8/3) very pale brown 
(10YR 5/3) brown 
    3 (10YR 6/2) light brownish gray Not visible 
    4 
(10YR 6/2) light brownish gray 
margin: (10YR 7/4) very pale 
brown 
Not visible 
    5 
(10YR 5/2) grayish brown 
margin: (10YR 7/4) very pale 
brown & (10YR 6/4) light 
yellowish brown 
Not visible 
    6 
(10YR 5/2) grayish brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
Plastic 
containers 
Hickory - box 2 65 0 (2.5Y 8/1) white (7.5YR 7/3) pink 
    2 (10YR 6/2) light brownish gray Not visible 
    3 (10YR 6/2) light brownish gray Not visible 
    4 (10YR 6/2) light brownish gray Not visible 
    5 
(10YR 5/2) grayish brown 
(10YR 6/2) light brownish gray 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    6 
(10YR 5/2) grayish brown 
(10YR 6/2) light brownish gray 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
Plastic 
containers 
Hickory - box 2 66 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 (10YR 6/2) light brownish gray Not visible 
    3 (7.5YR 5/2) brown Not visible 
    4 
(7.5YR 5/2) brown 
(7.5YR 5/3) brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(7.5YR 5/3) brown 
(7.5YR 5/2) brown 
margin: (10YR 6/4) light 
yellowish brown & (10YR 7/3) 
very pale brown 
Not visible 
    6 
(7.5YR 5/2) brown 
margin: (10YR 6/4) light 
yellowish brown & (10YR 7/4) 
very pale brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 1 67 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 8/3) very pale brown (10YR 7/2) light gray 
    3 (10YR 8/3) very pale brown (10YR 7/2) light gray 
    4 (10YR 7/3) very pale brown (10YR 7/2) light gray 
    5 
(10YR 6/2) light brownish gray 
(10YR 7/3) very pale brown 
(10YR 7/1) light gray 
    6 
(10YR 6/2) light brownish gray 
(10YR 6/4) light yellowish 
brown 
margin: (10YR 7/3) very pale 
brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 1 68 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 8/3) very pale brown 
(7.5YR 6/2) pinkish 
gray 
    3 (10YR 8/3) very pale brown 
(7.5YR 6/3) light 
brown 
    4 (10YR 7/3) very pale brown 
(10YR 6/4) light 
yellowish brown 
    5 
(10YR 7/3) very pale brown 
(10YR 6/2) light brownish gray 
(10YR 6/4) light 
yellowish brown 
    6 
(10YR 6/2) light brownish gray 
(10YR 6/3) pale brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 1 69 0 
(5Y 8/1) white 
(5Y 8/2) pale yellow (7.5YR 7/1) light gray 
    2 (10YR 8/3) very pale brown (10YR 7/2) light gray 
    3 (10YR 8/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    4 (10YR 7/3) very pale brown 
(10YR 6/4) light 
yellowish brown 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(10YR 7/3) very pale brown 
(10YR 6/2) light brownish gray 
(10YR 6/4) light 
yellowish brown 
    6 
(10YR 6/2) light brownish gray 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 1 70 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 8/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    3 (10YR 8/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    4 (10YR 7/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    5 
(10YR 7/4) very pale brown 
(10YR 6/2) light brownish gray 
Not visible 
    6 
(10YR 7/4) very pale brown 
(10YR 6/2) light brownish gray 
Not visible 
Plastic 
containers 
Yellow pine - 
box 2 71 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 (10YR 8/3) very pale brown (10YR 7/2) light gray 
    3 
(10YR 7/2) light gray 
(10YR 8/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    4 
(10YR 7/3) very pale brown 
(10YR 7/4) very pale brown 
(10YR 6/2) light 
brownish gray 
    5 
(10YR 7/3) very pale brown 
(10YR 7/4) very pale brown 
(10YR 7/1) light gray 
(10YR 6/2) light 
brownish gray 
    6 
(10YR 6/2) light brownish gray 
(10YR 6/3) pale brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 2 72 0 
(5Y 8/2) pale yellow 
(5Y 8/1) white (7.5YR 7/1) light gray 
    2 (10YR 8/3) very pale brown (10YR 7/1) light gray 
    3 (10YR 7/2) light gray 
(10YR 6/2) light 
brownish gray 
    4 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    5 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
(10YR 6/2) light 
brownish gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 6/3) pale brown 
(10YR 6/2) light brownish gray 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 2 73 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 (2.5Y 8/3) pale yellow (10YR 7/1) light gray 
    3 
(10YR 7/3) very pale brown 
(10YR 8/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    4 (10YR 7/3) very pale brown Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
Not visible 
    6 
(10YR 6/3) pale brown 
(10YR 6/2) light brownish gray 
(10YR 7/2) light gray 
(10YR 7/3) very pale brown 
Not visible 
Plastic 
containers 
Yellow pine - 
box 2 74 0 (2.5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 (2.5Y 8/3) pale yellow (2.5Y 7/1) light gray 
    3 
(10YR 8/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/2) light 
brownish gray 
    4 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
Not visible 
    5 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
Not visible 
    6 
(10YR 6/2) light brownish gray 
(10YR 6/3) pale brown 
margin: (10YR 7/4) very pale 
brown 
Not visible 
Plastic 
containers 
Walnut - box 1 75 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    3 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
Not visible 
    4 
(10YR 4/1) dark gray 
(10YR 2/1) black 
Not visible 
    5 
(2.5Y 4/1) dark gray 
(10YR 2/1) black 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
(10YR 2/1) black 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
Plastic 
containers 
Walnut - box 1 76 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 4/1) dark gray 
(7.5YR 5/2) brown 
Not visible 
    3 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
(7.5YR 4/2) brown 
Not visible 
    4 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
margin (5YR 3/2) dark reddish 
brown 
Not visible 
    5 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
Not visible 
Plastic 
containers 
Walnut - box 1 77 0 (10YR 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 5/2) brown 
(7.5YR 4/1) dark gray 
Not visible 
    3 
(7.5YR 4/2) brown 
(10YR 4/1) dark gray 
Not visible 
    4 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
Not visible 
    5 
(10YR 4/1) dark gray 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 4/2) dark grayish brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
Plastic 
containers 
Walnut - box 1 78 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 4/2) brown 
(7.5YR 5/2) brown 
Not visible 
    3 
(10YR 4/2) dark grayish brown 
(7.5YR 4/1) dark gray 
(7.5YR 4/2) brown 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    4 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
Not visible 
    5 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
Not visible 
Plastic 
containers 
Walnut - box 2 79 0 
(2.5Y 8/2) pale yellow 
(2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 3/1) very dark gray 
(7.5YR 4/2) brown 
Not visible 
    3 
(10YR 2/1) black 
(10YR 4/1) dark gray 
Not visible 
    4 
(10YR 2/1) black 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
(10YR 3/1) very dark gray 
Not visible 
    6 
(10YR 3/1) very dark gray 
(10YR 3/2) very dark grayish 
brown 
(10YR 2/1) black 
Not visible 
Plastic 
containers 
Walnut - box 2 80 0 
(2.5Y 8/3) pale brown 
(2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(7.5YR 4/2) brown 
(7.5YR 3/1) very dark gray 
(10YR 5/2) grayish brown 
Not visible 
    3 
(7.5YR 3/2) dark brown 
(7.5YR 3/1) very dark gray 
(7.5YR 4/2) brown 
Not visible 
    4 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
(7.5YR 3/2) very dark gray 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 3/1) very dark gray 
(10YR 4/1) dark gray 
Not visible 
Plastic 
containers 
Walnut - box 2 81 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(7.5YR 4/2) brown 
(7.5YR 3/1) very dark gray 
Not visible 
    3 (10YR 4/2) dark grayish brown Not visible 
    4 
(10YR 5/2) grayish brown 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
    5 
(10YR 5/2) grayish brown 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
    6 
(10YR 5/2) grayish brown 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/1) dark gray 
(10YR 4/2) dark grayish brown 
Not visible 
Plastic 
containers 
Walnut - box 2 82 0 (5Y 8/2) pale yellow (10YR 7/2) light gray 
    2 
(10YR 4/2) dark grayish brown 
(10YR 6/3) pale brown 
(10YR 5/2) grayish brown 
Not visible 
    3 
(10YR 4/2) dark grayish brown 
(10YR 3/1) very dark gray 
(10YR 5/3) brown 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    4 
(10YR 4/2) dark grayish brown 
(10YR 4/1) dark gray 
(10YR 3/2) very dark grayish 
brown 
Not visible 
    5 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 4/1) dark gray 
Not visible 
    6 
(10YR 3/2) very dark grayish 
brown 
(10YR 4/2) dark grayish brown 
(10YR 4/1) dark gray 
Not visible 
Plastic 
containers 
Poplar - box 1 83 0 
(2.5Y 8/1) white 
(2.5Y 8/2) pale yellow 
(10YR 6/2) light 
brownish gray 
    2 (10YR 6/3) pale brown (10YR 6/1) gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    3 (7.5YR 6/3) light brown 
(10YR 6/2) light 
brownish gray 
    4 (7.5YR 5/2) brown Not visible 
    5 (7.5YR 5/2) brown Not visible 
    6 
(7.5YR 4/2) brown 
(7.5YR 4/1) dark gray 
Not visible 
Plastic 
containers 
Poplar - box 1 84 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 6/3) pale brown 
(2.5Y 8/2) pale yellow 
Not visible 
    3 
(7.5YR 6/3) light brown 
(10YR 7/4) very pale brown 
Not visible 
    4 
(7.5YR 5/2) brown 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    5 (7.5YR 5/2) brown Not visible 
    6 
(7.5YR 4/2) brown 
(7.5YR 4/1) dark gray 
(7.5YR 5/2) brown 
Not visible 
Plastic 
containers 
Poplar - box 1 85 0 (2.5Y 8/1) white 
(10YR 6/2) light 
brownish gray 
    2 
(10YR 7/3) very pale brown 
(10YR 6/3) pale brown 
(10YR 6/1) gray 
    3 (7.5YR 6/3) light brown 
(10YR 5/2) grayish 
brown 
    4 (7.5YR 5/2) brown (10YR 4/1) dark gray 
    5 (7.5YR 5/2) brown (10YR 4/1) dark gray 
    6 
(7.5YR 5/2) brown 
(7.5YR 4/1) dark gray 
(7.5YR 4/2) brown 
Not visible 
Plastic 
containers 
Poplar - box 1 86 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 6/3) pale brown 
(10YR 7/3) very pale brown 
(10YR 6/2) light 
brownish gray 
    3 (7.5YR 6/3) light brown Not visible 
    4 (7.5YR 5/2) brown Not visible 
    5 (7.5YR 5/2) brown Not visible 
    6 
(7.5YR 5/2) brown 
(7.5YR 4/2) brown 
Not visible 
Plastic 
containers 
Poplar - box 2 87 0 (2.5Y 8/1) white (10YR 7/1) light gray 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    2 (10YR 7/3) very pale brown (10YR 7/1) light gray 
    3 (7.5YR 6/3) light brown Not visible 
    4 (7.5YR 6/2) pinkish gray Not visible 
    5 
(7.5YR 6/2) pinkish gray 
margin: (10YR 6/4) light 
yellowish brown 
Not visible 
    6 (5YR 5/2) reddish gray Not visible 
Plastic 
containers 
Poplar - box 2 88 0 (2.5Y 8/1) white (10YR 7/2) light gray 
    2 
(10YR 7/3) very pale brown 
(10YR 8/2) very pale brown 
(7.5YR 6/2) pinkish 
gray 
    3 (7.5YR 6/3) light brown 
(7.5YR 6/3) light 
brown 
    4 
(7.5YR 6/3) light brown 
(7.5YR 6/2) pinkish gray 
(7.5YR 5/3) brown 
(7.5YR 6/2) pinkish 
gray 
    5 
(7.5YR 5/2) brown 
(7.5YR 6/1) gray 
(7.5YR 5/3) brown 
(7.5YR 6/2) pinkish gray 
Not visible 
    6 
(5YR 5/2) reddish gray 
(7.5YR 7/1) light gray 
(5YR 5/1) gray 
margin: (7.5YR 5/3) brown 
Not visible 
Plastic 
containers 
Poplar - box 2 89 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 7/3) very pale brown 
(10YR 8/2) very pale brown 
Not visible 
    3 (7.5YR 6/3) light brown Not visible 
    4 (7.5YR 6/3) light brown Not visible 
    5 
(7.5YR 5/3) brown 
(7.5YR 6/2) pinkish gray 
Not visible 
    6 
(5YR 5/2) reddish gray 
(7.5YR 6/2) pinkish gray 
Not visible 
Plastic 
containers 
Poplar - box 2 90 0 (2.5Y 8/1) white (10YR 7/1) light gray 
    2 
(10YR 7/3) very pale brown 
(10YR 8/2) very pale brown 
Not visible 
    3 (7.5YR 6/3) light brown Not visible 
    4 (7.5YR 6/3) light brown Not visible 
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Experimental 
Environment 
Bone 
Number 
Months of 
Exposure Munsell Bone Staining 
Munsell Blood 
Staining 
    5 
(7.5YR 5/2) brown 
(7.5YR 5/3) brown 
(7.5YR 6/2) pinkish gray 
margin: (10YR 7/4) very pale 
brown & (10YR 6/4) light 
yellowish brown 
Not visible 
    6 
(5YR 5/2) reddish gray 
(5YR 5/1) gray 
margin: (5YR 6/3) light reddish 
brown 
Not visible 
 
 
 
A.4. Soil staining from direct soil burial, Sample 4. 
 
Bone 
Number Depth 
Exposure 
time Diaphysis staining Epiphysis staining Greasy areas 
1 
0 
Horizon 1 year 
(10YR 3/2) very dark 
grayish brown 
(10YR 5/1) gray 
(10YR 5/2) grayish 
brown 
(10YR 7/3) very pale 
brown 
(10YR 3/1) very dark 
gray 
(10YR 6/4) light 
yellowish brown 
(5YR 5/4) reddish brown 
(10YR 7/3) very pale 
brown 
(10YR 5/1) gray 
(10YR 5/2) grayish 
brown 
(10YR 6/6) 
brownish 
yellow 
(10YR 4/6) 
dark 
yellowish 
brown 
2 
A 
Horizon 1 year 
(10YR 5/2) grayish 
brown 
(10YR 6/2) light 
brownish gray 
(10YR 5/3) brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 3/1) very dark 
gray 
(10YR 5/3) brown 
(10YR 5/2) grayish 
brown 
(7.5YR 3/2) dark 
brown 
(10YR 3/1) very dark 
gray 
(10YR 5/1) gray 
(10YR 4/1) dark gray 
(10YR 6/6) 
brownish 
yellow 
(10YR 5/6) 
yellowish 
brown 
3 
A 
Horizon 1 year 
(10YR 6/1) gray 
(10YR 5/2) grayish 
brown 
(10YR 3/1) very dark 
gray 
(5YR 5/4) reddish brown 
(10YR 6/3) pale 
brown 
(10YR 5/2) grayish 
brown 
(10YR 4/1) dark gray 
(10YR 5/4) yellowish 
brown 
(10YR 5/3) brown 
(10YR 4/2) dark 
grayish brown 
(10YR 6/6) 
brownish 
yellow 
(10YR 3/6) 
dark 
yellowish 
brown 
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Bone 
Number Depth 
Exposure 
time Diaphysis staining Epiphysis staining Greasy areas 
4 
C 
Horizon 1 year 
(10YR 3/2) very dark 
grayish brown 
(10YR 5/3) brown 
(10YR 5/2) grayish 
brown 
(10YR 7/4) very pale 
brown 
(10YR 4/2) dark grayish 
brown 
(10YR 6/3) very pale 
brown 
(10YR 5/3) brown 
(10YR 5/2) grayish 
brown 
(10YR 4/2) dark 
grayish brown 
(10YR 5/6) 
yellowish 
brown 
5 
C 
Horizon 1 year 
(10YR 4/3) brown 
(10YR 2/1) black 
(10YR 3/1) very dark 
gray 
(10YR 5/2) grayish 
brown 
(10YR 5/1) gray 
(10YR 5/4) yellowish 
brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/2) dark 
grayish brown 
(10YR 5/6) 
yellowish 
brown 
(10YR 4/4) 
dark 
yellowish 
brown 
6 
O 
Horizon 2 years 
(10YR 3/1) very dark 
gray 
(10YR 7/3) very pale 
brown 
(10YR 6/4) light 
yellowish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/2) dark grayish 
brown 
(10YR 4/3) brown 
(10YR 4/2) dark 
grayish brown 
(10YR 6/3) pale 
brown   
7a 
A 
Horizon 2 years 
(10YR 3/1) very dark 
gray 
(10YR 5/3) brown 
(10YR 5/4) yellowish 
brown 
(10YR 4/3) brown 
(10YR 4/2) dark grayish 
brown 
(10YR 5/3) brown 
(10YR 3/1) very dark 
gray 
(10YR 4/1) dark gray 
(10YR 5/6) 
yellowish 
brown 
7b 
A 
Horizon 2 years 
(10YR 3/1) very dark 
gray 
(10YR 6/3) pale brown 
(10YR 5/4) yellowish 
brown 
(10YR 4/3) brown 
(7.5YR 3/3) dark brown 
(10YR 5/3) brown 
(10YR 3/1) very dark 
gray 
(10YR 4/2) dark 
grayish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 5/6) 
yellowish 
brown 
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Bone 
Number Depth 
Exposure 
time Diaphysis staining Epiphysis staining Greasy areas 
8a 
C 
Horizon 2 years 
(10YR 3/2) very dark 
grayish brown 
(10YR 5/3) brown 
(10YR 5/2) grayish 
brown 
(10YR 7/4) very pale 
brown 
(10YR 4/2) dark grayish 
brown 
(10YR 5/3) brown 
(10YR 3/1) very dark 
gray 
(10YR 5/1) gray 
(10YR 5/2) grayish 
brown 
(10YR 4/3) brown 
(10YR 6/6) 
brownish 
yellow 
(10YR 5/6) 
yellowish 
brown 
8b 
C 
Horizon 2 years 
(10YR 6/1) gray 
(10YR 7/3) very pale 
brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 6/4) light 
yellowish brown 
(10YR 5/2) grayish 
brown 
(10YR 3/1) very dark 
gray 
(10YR 6/4) light 
yellowish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/2) dark 
grayish brown 
(10YR 4/4) dark 
yellowish brown 
(10YR 4/3) brown 
(7.5YR 3/2) dark 
brown 
(10YR 6/6) 
brownish 
yellow 
(10YR 5/6) 
yellowish 
brown 
(10YR 4/4) 
dark 
yellowish 
brown 
9 
O 
Horizon 3 years 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/3) brown 
(10YR 5/2) grayish 
brown 
(10YR 7/4) very pale 
brown 
(10YR 4/2) dark grayish 
brown 
(10YR 6/3) pale 
brown 
(10YR 3/1) very dark 
gray 
(10YR 4/2) dark 
grayish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 5/4) yellowish 
brown   
10 
A 
Horizon 3 years 
(10YR 3/2) very dark 
grayish brown 
(10YR 6/3) pale brown 
(10YR 5/2) grayish 
brown 
(10YR 4/2) dark grayish 
brown 
(10YR 5/6) yellowish 
brown 
(10YR 3/1) very dark 
gray 
(10YR 4/2) dark 
grayish brown 
(10YR 5/4) yellowish 
brown   
11 
A 
Horizon 3 years 
(10YR 4/2) dark grayish 
brown 
(10YR 6/2) light 
brownish gray 
(10YR 3/2) very dark 
grayish brown 
(10YR 6/3) pale brown 
(10YR 4/2) dark 
grayish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/4) dark 
yellowish brown   
 162 
Bone 
Number Depth 
Exposure 
time Diaphysis staining Epiphysis staining Greasy areas 
12 
C 
Horizon 3 years 
(10YR 6/3) pale brown 
(10YR 4/3) brown 
(10YR 5/2) grayish 
brown 
(10YR 7/4) very pale 
brown 
(10YR 3/1) very dark 
gray 
(10YR 4/2) dark 
grayish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/3) brown   
13 
C 
Horizon 3 years 
(10YR 6/3) pale brown 
(10YR 5/2) grayish 
brown 
(10YR 4/2) dark grayish 
brown 
(10YR 5/6) yellowish 
brown 
(10YR 4/2) dark 
grayish brown 
(10YR 3/2) very dark 
grayish brown 
(10YR 4/3) brown   
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